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Feed intake is one of the most important factors to determine animal performance. The 
productivity of ruminants is largely dependent upon the quantity of feed consumed and 
efficiency of digestion and metabolism. Grovun (1987) stated that "who refuses either to 
support feed intake research or refuses having feed intake as a research priority, has missed 
the point that feed intake is highly correlated to productivity". According to NRC (1996). the 
control of feed intake of ruminants is complex and not understood fully. Many research 
groups have studied factors affecting cattle feed intake, and several theories have been 
proposed to explain the control of voluntary feed intake. 
Feed intake of cattle consuming predominantly roughage is regulated by physical 
constraints or rumen distension. The rate or extent of digestion of feed in the rumen 
determines fill. When feeds with higher digestibility are fed to cattle, metabolic constraints 
usually regulate voluntary feed intake. Metabolic constraints are related to the animal's 
ability to utilize absorbed nutrients and supply animal nutrient requirements. Ketelaars and 
Tolkamp (1996) proposed a new theory of feed intake regulation for ruminants. This theory 
is based on the assumption that oxygen and feed consumption are related to the release of 
energy for maintenance, growth, and production. They hypothesized that voluntary energy 
intake follows the feed consumption level in that oxygen consumption efficiency is 
maximum. 
During the last few years, interest in physiological factors affecting feed intake has 
increased. Animal body composition or body fat content has been shown to affect feed 
intake. Hormones such as leptin, ghrelin, and insulin seem to affect and regulate feed intake. 
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In addition, sex (steer vs. heifer), age of animal, physiological state of animal, breed, 
environment, and frame size may have effects on feed intake. 
This study was divided into several different components. A digestibility trial was 
conducted with cattle to determine dry matter and nutrient digestibility of the dietary 
treatments to be studied in the feedlot trial. A feedlot feeding trial was conducted to evaluate 
the effects of the animal frame size and dietary energy concentration on dry matter intake, 
performance, and concentrations of plasma insulin and leptin. It was hypothesized that dry 
matter intake is reduced with increasing days on feed and fat deposition and that leptin and 
insulin concentration increase with increasing days on feed and fat deposition. The 
relationship between body composition and plasma hormone concentrations: body 
composition and dry matter intake; plasma hormone concentrations and dry matter intake; 
and insulin and leptin concentrations were evaluated. In addition, the study compared 
individual observed dry matter intake with individual predicted dry matter intake by 
equations of Perry and Fox (1997). 
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LITERATURE REVIEW 
Cattle Feed Intake 
According to Allen (1996), performance of animals relies on their capacity to consume 
and extract available nutrients from feeds. Being able to estimate accurately feed intake is 
crucial to formulate diets correctly, to prevent underfeeding or overfeeding nutrients, to 
minimize nutrient excretion, and to promote efficient nutrient use (NRC, 2001). Therefore, it 
is essential to understand the factors affecting feed intake to predict intake accurately. 
Intake of feed is influenced by several external factors such as environment, management, 
nutrients, and palatability of the diet. Internal factors such as gastrointestinal factors, 
hormones, and metabolites also regulate feed intake. Three theories were developed to 
explain the factors involved in the regulation of voluntary feed intake of ruminants: physical 
fill of the reticulorumen (Allen, 1996; Mertens, 1994), metabolic effects (Ulius and Jessop, 
1996: Mertens, 1994), and oxygen consumption (Ketelaars and Tolkamp, 1996). 
According to NRC (1996), the models developed to predict feed intake are empirical, 
because there are many factors regulating intake and they are not very well understood. The 
majority of intake prediction equations relate dry matter intake to dietary energy 
concentration. Then, the energy concentration in the diet accounts for part of effects on feed 
intake related to physical fill and metabolic constraints. However, the equations do not 
account for physiological, environmental, and management constraints. There is not an ideal 
equation to predict feed intake, and no equation is adequate for all production situations 
(NRC, 1996). 
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Factors Influencing Feed Intake 
Dietary Energy Density and Diet Digestibility 
There is a strong relationship between dietary energy density and feed intake of cattle. 
When feeding less digestible, low-energy, and high fiber diets, dry matter intake is regulated 
by physical factors such as ruminai fill and digesta passage. However, when feeding high-
energy, highly digestible, or high concentrate diets, feed intake is determined by the animal's 
energy requirement and metabolic factors (NRC, 1987). 
The physical constraint theory is based on the assumption that cattle eat until a certain 
reticulorumen fill or distension is achieved (NRC, 1987: Mertens, 1994). According to Leek 
(1986), the reticulum and cranial sac of the rumen contain tension receptors that respond to 
distension. Ruminants have the unique capacity of extracting energy from roughage, but the 
voluntary feed intake of animals consuming roughage is not usually optimized. Forages 
usually are high in fiber and have low digestibility, causing long retention time and slow 
digesta passage through the rumen. Then, forage intake is often highly and positively related 
to digestion rate or extent of digestion in the reticulorumen (Blaxteret al., 1961; Forbes, 
1996). Conrad et al. (1964) proposed that there is a breakpoint in digestibility where the 
control of intake by physical fill is replaced by control of intake by energy balance. Studies 
by Blaxter et al. (1961) and Campling and Balch (1961) demonstrated a relationship between 
ruminai fill and feed intake. When offering a very palatable diet that results in fill of the 
rumen to beef cattle, dry matter intake is limited by rumen capacity (Mertens, 1994). 
Feeding pelleted low-quality forage results in a higher intake response than feeding high-
quality forage, because voluntary intake is limited to a greater extent by physical fill than by 
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low digestibility (Minson, 1963). Pelleted forage is usually ground, so there is smaller 
particle size and faster rate of passage resulting in greater intake. Forage intake is increased 
when digestibility is increased or particle size reduced. In a review, Forbes (1996) suggested 
that several integrated factors acting together control voluntary intake of forages by 
ruminants, rather than an exclusive and single factor. He also indicated that it is unrealistic 
to predict feed intake of forages only from physical capacity of the animal. Intake of 
roughage is primarily controlled by physical factors, but in a majority of the cases also by a 
combination of chemical, humoral, and physical factors (Grovum, 1987). He also reported 
that the general idea of physical factors alone controlling voluntary forage intake needed to 
be forgotten. He associates the control of intake of the poor quality forage with palatability, 
available protein status, and rumen fill. Grovum (1987) stated that it is unknown if chemical 
factors such as ruminai VFAs control intake of poor quality forages. Van Soest (1965) and 
Waldo (1986) suggested that NDF content of forages is the best predictor of voluntary dry 
matter intake (VDMI). 
Ruminants eating feeds with high energy density such as concentrates and grains 
regulate their energy intake by mechanisms similar to non-ruminant animals. Metabolic 
factors or energy balance limit feed intake, and they are related to the animal's ability to 
utilize absorbed nutrients and supply the animal nutrient requirements. However, unlike 
high-roughage diets, consumption of high-energy density diets is negatively related with 
digestibility (Conrad et al., 1964; Dinius and Baumgardt, 1970; Grovum, 1987). Conrad 
(1966) reported that the maximum dry matter intake controlled by physical fill is when the 
diet fed has 67% apparent digestibility. Intake of diets with higher apparent digestibility is 
controlled mainly by metabolic factors. He fed dairy cows with concentrate-alfalfa 
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combinations to test his hypothesis. According to Van Soest (1994), other authors suggested 
that the digestibility point is not fixed, because feed intake depends on the diet density, type 
of diet, forage quality, adequate fiber, and the energy requirement (set point) of the animal. 
According to Dinius and Baumgardt (1970), when feeding rations with energy density 
greater than 2.5 Meal of DE/kg of DM to sheep, the animals adjust their feed intake 
according to their energy balance. Figure 1 shows the relationship between digestible energy 
(DE) and digestible energy intake (Dinius and Baumgardt, 1970). For diets with energy 
density below 2.5 Meal of DE/kg of DM, the physical capacity of the reticulorumen 







1 0 0  
1 .83  2 .5  3 .67  
Digestible energy (Meal /kg rat ion) 
Figure 1. Relationship between digestible energy (DE) and digestible energy intake (Dinius 
and Baumgardt, 1970). 
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In the short and medium term, ruminants are able to regulate feed intake according to 
their energy balance, but the regulation is more efficient in energy deficit than energy excess 
(Faverdin and Bareille, 1999). Montgomery and Baumgardt (1965) conducted a study to 
evaluate the effects of energy concentration in the diet on feed intake by cattle. They 
observed that increasing energy density of the diet caused a reduction in daily feed intake, 
but daily energy intake was similar at all energy concentrations. In their study, dry matter 
intake was decreased and dry matter digestibility was increased as corn concentration was 
increased in the diet. They proposed a graphical model to explain the regulation of feed 





Figure 2. Relationships in the regulation of food intake in ruminants proposed by 
Montgomery and Baumgardt (1965). 
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Many studies have been conducted to understand how energy signals or metabolic 
factors regulate feed intake of ruminants in the short term. Effects of VFAs (Grovum, 1995) 
and glucostatic regulation (Bareille and Faverdin, 1996) were examined to attempt to 
understand the metabolic regulation of feed intake, but they were not very conclusive in 
controlling energy intake by ruminants. There is no evidence that glucose utilization and 
concentration (Baile and Della-Fera, 1981) and VFAs (Grovum, 1987; NRC, 1987) are 
involved in regulating feed intake in ruminants. The hypothesis of chemical regulation by 
acetate being sensed in the rumen epithelium and propionate being sensed in the ruminai 
veins of controlling feed intake needs to be re-studied, because of problems in the original 
studies (Grovum, 1987). 
Ketelaars and Toikamp (1996) presented an alternative theory to the metabolic theory. 
This theory indicates that voluntary intake of energy corresponds to a certain feed 
consumption level so that oxygen utilization efficiency is maximized. Kennedy (1953) 
proposed the lipostatic theory to control feed intake. He hypothesized that long-term control 
of feed intake by the hypothalamus was secondary to the hypothalamic regulation of body 
reserves. His theory is based on the assumption that body reserves send a signal of its status 
to the hypothalamus. This regulation is based on the existence of a normal level of body 
reserves, known as the set point. The animal reaches the set point when reaching a certain 
degree of fatness. The set point is recovered after a period of undernourishment. However, 
when feeding very palatable diets, the set-point equilibrium can be broken, allowing body 
reserves to accumulate. It is not clear how the central nervous system receives and deals 
with the information about the energy balance and body adipose reserves. 
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Central Nervous System Rule 
Two hypothalamic centers for regulating feed intake were identified in earlier studies, 
the lateral hypothalamus (LH) and ventromedial hypothalamus (VMH). An increase in feed 
intake, or hyperphagia, occurs when the LH is stimulated. Feeding stops when the VMH is 
stimulated. In later studies, LH and other central nervous system (CNS) structures were 
identified as responsible for the regulation of short-term feed intake behavior, and the VMH 
was identified as the structure responsible for levels of adipose reserve and body weight 
regulation (Faverdin and Bareille, 1999). Lesions of the VMH cause hyperphagia and body 
weight gain and LH lesions result in hypophagia. It is not clear how the information travels 
from the sensor of energy balance and adipose reserves to the hypothalamus, but it is clear 
that the hypothalamus and the CNS have a critical function in the regulation of feed intake, 
energy balance, and metabolism by the synthesis of many neuropeptides and 
neurotransmitters (Steffens and Benthem, 1999). Faverdin and Bareille (1999) described 
some mechanisms that transfer information about levels of body reserve to the VMH. They 
suggested that these signals might be generated by humoral factors such as insulin, 
adrenergic agents, and leptin. 
According to Havel (2001), several peripheral signals are involved in the regulation of 
feed intake and energy balance of animals. He reported that glucose concentrations, amino 
acids, fatty acids, and gastrointestinal hormones, mainly cholecystokinin (CCK), are involved 
in short term feed intake control of nonruminants. However, he cited that energy density and 
short-term controls by themselves are not sufficient to produce major changes in energy 
balance, feed intake, or body energy reserves. Then, Havel (2001) concluded that these 
signals must interact with long-term feed intake regulators to maintain energy homeostasis. 
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Insulin, leptin, neuropeptide Y (NPY), and ghrelin may be possible long-term intake 
regulators. 
Insulin 
Insulin is a polypeptide containing two chains of amino acids linked by disulfide 
bridges, which is synthesized by P-cells in the pancreas. There are minor differences in the 
amino acids in the molecule from species to species. Insulin has anabolic functions, 
increasing the storage of carbohydrates, protein, and fat. Thorp et al. (2000) evaluated the 
effects of forage:concentrate ratio and body condition on plasma insulin concentration. They 
observed that insulin concentrations were increased when energy density of the diet was 
increased and that fatter cattle had higher plasma insulin concentration than lean cattle. 
Deetz and Wangsness (1980), Deetz et al. (1980), and Deetz and Wangsness (1981) 
conducted several experiments to evaluate the effects of insulin administration on feed intake 
of sheep. Although the results from these studies were sometimes confusing, they generally 
found that feed intake was decreased when insulin was administered in amounts producing 
blood levels within physiological ranges. Deetz and Wangsness (1980) observed the effects 
of insulin on the short-term control of intake of the either concentrate or forage diets by 
sheep. They speculated that insulin could depress intake as result of indirect effects on 
glucose utilization rate similar to the glucostatic theory of intake regulation for monogastric 
animals. Dulphy and Faverdin (1987) and Grovum (1995) conducted experiments with 
ruminants to examine the effects of insulin on feed intake. They used peripheral insulin 
injections in sheep to test the effects, and found that injections of large doses of insulin 
caused hypoglycemia and stimulated intake. The increased intake was induced by 
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hypoglycemia, and intake was decreased when insulin was administered without induced 
hypoglycemia. There is little evidence that peripheral insulin regulates short-term intake 
(Faverdin and Bareille, 1999). 
The glucostatic theory has not been confirmed to regulate feed intake in ruminants, but 
the lipostatic theory has been very well explored and understood to regulate feed intake in 
ruminants. Insulin is an adiposity signal that works with the brain to regulate energy 
homeostasis, and is released in direct proportion to fat reserves (Schwartz and Seeley, 1997: 
Woods and Seeley, 2001). Porte and Woods (1981) suggested that insulin could be a signal 
for body adipose tissue levels. Plasma concentration of insulin increases with increasing 
body adipose tissue levels (NRC, 1987). Insulin enters the brain via the blood, and interacts 
with neurons in the ventral hypothalamus. Moreover, insulin has many similar properties to 
other adiposity signals such as leptin (Woods and Seeley, 2001). According to Baskin et al. 
(1999), insulin and leptin are the adiposity signals for the long-term regulation of body 
weight by the brain. They speculated that changes in energy balance and body fat reserves 
cause plasma leptin and insulin concentration to be changed, and the brain responds to 
changes in plasma hormone concentrations by adjusting feed intake. Like leptin, insulin also 
inhibits NPY expression to decrease feed intake. Baskin et al. (1999) declared that insulin 
and leptin increase the satiety action of peripheral CCK. The CCK effect causes earlier meal 
termination and decreases cumulative intake. They also described briefly the possible 
hypothalamic pathways that are sensitive to leptin and insulin as adiposity signals. 
Block et al. (2000) and Block et al. (2001) found that plasma leptin concentration was 
positively correlated with plasma concentrations of insulin and glucose and that leptin and 
insulin coordinate energy metabolism of periparturient dairy cows. Different results were 
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reported from Delavaud et al. (1999). They looked for changes in plasma concentrations of 
leptin and insulin when underfeeding and overfeeding dry cows. Surprisingly, they found 
that plasma insulin concentrations were not related to plasma leptin concentrations (R=0.09). 
Kauter et al. (2000) examined the short-term effects of insulin and glucagon on plasma leptin 
concentration. The results indicated that short-term changes in plasma glucose or insulin did 
not affect plasma leptin in sheep as has been seen in rodents and humans. Havel (2000) 
identified insulin as a major regulator of leptin secretion from the adipose tissue in humans. 
He stated that insulin administration increased plasma leptin concentrations. In vitro studies 
indicated that insulin stimulated leptin production by altering glucose metabolism in humans 
and rodents. 
Leptin 
Leptin is a hormone produced and secreted by fat cells (adipocytes) and encoded by the 
ob gene. There is also evidence that leptin is produced in the placenta and gastrointestinal 
tract, but its role in these tissues is unclear (Prolo et al., 1998). Leptin discovered by Zhang 
et al. (1994), has 167 amino acids with an amino-terminal secretory signal sequence of 21 
amino acids. Circulating leptin is a peptide of 146 amino acids with molecular mass of 14-16 
kDa (Prolo et al., 1998). Energy balance is the difference between energy intake and energy 
expenditure, and its imbalance may lead to obesity. Leptin plays a key role in the regulation 
of body weight and energy balance by controlling feed intake and energy expenditure 
(Jequier, 2002). Leptin decreases fat deposition by inhibiting feed intake, but it also has 
metabolic effects to increase leanness independent of feed intake. These effects are an 
increased energy expenditure, increased fat mobilization, and increased thermogenesis (Van 
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Dijk, 2001). Steffens and Benthem (1999) associated leptin effects in metabolism with its 
stimulatory effect on secretion of thyroid-stimulating hormone (TSH) and thyroid-releasing 
hormone (TRH). Thyroxine greatly stimulates metabolism. Independent of its role in energy 
balance, leptin also has a role in reproduction (Kauter et al., 2000; Magni et al., 2000; Ahima 
et al., 2000), immune function (Ahima and Flier, 2000; Kauter et al., 2000; Ingvartsen and 
Boisclair, 2001), development (Ahima and Flier, 2000), thyroid (Ahima et al., 2000), 
glucorticoid (Heiman et al., 1998; Ahima et al., 2000), and growth hormone (Barb et al., 
1998; Heiman et al., 1998; Tannenbaum et al., 1998; Ahima et al., 2000). 
The discovery of leptin provided a molecular basis for the lipostatic theory of feed 
intake regulation. The lipostatic theory was proposed 40 years ago by Kennedy (1953), and 
it suggested that circulating factors generated and regulated by body fat stores send 
information to the brain, causing changes in energy intake and expenditure (Baile et al., 
2000). Jequier (2002) reported that three steps have been identified in the leptin regulatory 
feedback in rodents: 1) a sensor monitors the amount of adipose tissue mass followed by 
leptin production and release by fat cells; 2) the hypothalamus receives and integrates the 
leptin signals through leptin receptors; and 3) effector systems, including the sympathetic 
nervous system, control the two main determinants of energy balance, energy intake, and 
energy expenditure. Energy balance is a product of complicated mechanisms that regulates 
feed intake and energy expenditure (Seeley and Schwartz, 1999). They proposed that leptin 
circulates in the blood and interacts with receptors located in the CNS. Leptin receptors are 
found in two different systems: an effector system that is anabolic and activated by low 
concentration of leptin and another effector system that is catabolic and activated by high 
concentrations of leptin. The anabolic system is present during negative energy balance or 
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low fat stores, and it decreases circulating leptin concentration to increase feed intake and 
reduce energy expenditure to help recovering the energy stores. The catabolic system is 
present during positive energy balance or high fat stores, and it increases circulating leptin 
concentration to decrease feed intake and increase energy expenditure to help reduce the 
excess energy stores. 
Leptin inhibits intake and appetite by modulating the NPY release (Magni et al., 2000). 
NPY has 36 amino acids, is a member of the pancreatic polypeptide family of hormones, and 
a neurotransmitter that potentially stimulates appetite (Schwartz and Seeley, 1997; Miner, 
1992; Schwartz et al., 1997). Neuropeptide Y is released by the hypothalamus, and reduces 
energy expenditure. Ingvartsen and Boisclair (2001) suggested that the effects of leptin on 
feed intake and energy balance are central and mediated via neuropeptides such as NPY and 
others. According to Baskin et al. (1999) and Steffens and Benthem (1999), leptin and 
insulin are the adiposity signals for the brain and the brain responds by regulating food 
intake. They speculated that the target for leptin and insulin signals is the hypothalamic 
arcuate nucleus, where they inhibit NPY expression (Schwartz and Seeley, 1997). Plasma 
concentrations of leptin are highly related to concentration of brain and has high affinity for 
hypothalamic regions of brain (Schwartz et al., 1996). It was found in several human studies 
that obese subjects have high concentrations of plasma leptin (Prolo et al. 1998). This 
nullifies the hypothesis that obesity was the result of leptin deficiency. There is evidence of 
leptin resistance in some individuals due to the failure of high circulating leptin concentration 
to alter obese state. Another possibility is the inability of leptin to enter the cerebral spinal 
fluid to reach the hypothalamic receptors. 
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Circulating plasma leptin concentration is dependent primarily on the status of adipose 
tissue stores, but energy balance and energy intake also has an important role (Ahima et al., 
2000; Considine, 2001). Sansinanea et al. (2001) used heifers to show a positive correlation 
of serum leptin concentrations with energy intake of cattle. Cameron et al. (2000) observed 
that serum leptin concentrations were more positively correlated with fat deposition than to 
feed intake in pigs. Their results indicated that the increased serum leptin concentrations 
were primarily due to increased fat accretion rather than to higher energy intake. Chilliard et 
al. (2001) reported that plasma leptin concentration in ruminants is related primarily to body 
adipose reserves (35-50%) and secondarily to feeding level (15-20%). They also concluded 
in agreement with Delavaud et al. (2002), that the response of leptin to meal intake is related 
positively to glucose levels and negatively to plasma 3-hydroxybutyrate. Delavaud et al. 
(2000) found a significant positive correlation between body fat or body condition score and 
circulating plasma leptin in sheep. Their results suggested that variations in plasma leptin 
concentrations were related primarily to body fat stores (35%) and secondarily to nutritional 
status (17%). Delavaud et al. (2002) used Charolais and Holstein cows to evaluate the 
effects of breed, body fat, feeding level, and intake of feed on plasma leptin concentration. 
The animals were fed for 6 weeks at 130% of maintenance energy requirement (MER) or at 
60% of the energy requirement (underfed). Breed did not show significant effect on plasma 
leptin concentration. They observed that underfeeding reduced plasma leptin (P<0.01) and 
that overfeeding significantly increased plasma leptin concentration. Therefore, Delavaud et 
al. (2002) affirmed that plasma leptin is highly and positively related to adiposity and feeding 
level in cattle. Daniel et al. (2002) found similar results, but they also proposed that leptin 
secretion did not display circadian variation. Marie et al. (2001) suggested that leptin 
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concentrations increase some time after intake of feed and are low before a meal. However, 
they affirmed that there is no evidence for a circadian rhythm of plasma leptin. McFadin et 
al. (2002) evaluated the relationship between serum leptin concentration and carcass 
composition of beef steers. They found that serum leptin concentration was significantly 
correlated with fat thickness over the 12th and 13th rib (r =0.34, P=.001), marbling score (r = 
0.19, P=.08), and calculated yield grade (r = 0.26, P=.02). Leptin concentration was not 
significantly correlated with carcass weight (r =0.16, P=.14), ribeye area (r =0.11, P=.31), or 
percentage KPH fat (r =0.13, P=.24). 
Johnson et al. (2001) looked for the effects of diet composition on plasma leptin 
concentrations. The two diets examined were 0 or 6% sunflower oil. They did not find any 
effect on leptin concentrations because of supplemental dietary fat. Chelikani et al. (2000) 
conducted a study to test the hypothesis that the reduction in dry matter intake by dairy cows 
when feeding supplemental fat is mediated by leptin. They did not observe any difference in 
plasma leptin concentration, so they concluded that leptin may not be involved in reduction 
of feed intake of dairy cows fed additional fat. Ehrhardt et al. (2000) developed a specific 
radioimmunoassay (RIA) for leptin in ruminants. They tested their RIA in a study to 
evaluate plasma leptin concentration in sheep. They compared plasma leptin concentrations 
between males and females, and also among animals fed diets with different energy and 
protein levels. The high-energy diet contained 2.8 Meal of ME/kg DM and the low-energy 
contained 2.1-2.2 Meal of ME/kg DM. Protein content of the diets was 18% or 12% crude 
protein. They collected blood samples weekly, and differences were not found between sexes 
or diets during week 1. The results indicated a large variation for sex over the experiment (6 
weeks). Ewe lambs showed a higher (10.1 vs. 7.1 ng/mL; P<0.001) plasma leptin 
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concentration than did ram lambs. Plasma leptin concentration was higher for animals fed 
the high-energy diet than those fed the low-energy diet (10.3 vs. 6.9 ng/mL; P<0.001) at end 
of trial. Ehrhardt et al. (2000) concluded that both nutrition and sex have effects on 
circulating plasma leptin concentrations in lambs, and these effects may be related to 
differences in body fat. Kauter et al. (2000) reported similar differences due to sex on 
plasma leptin concentrations, with ewes being significantly higher than rams. They also 
compared plasma leptin concentrations between rams and castrate males and did not find 
significant differences. The results indicated that testosterone might not be responsible for 
the differences between males and females. Effects of daylength (photoperiod) in circulating 
leptin concentrations have been hypothesized for sheep. Bocquier et al. (1998) reported that 
photoperiod affects plasma leptin concentration independently of nutritional status and feed 
intake. Ewes exposed to short days had lower leptin concentrations than did those exposed to 
long days (P<0.03). 
Block et al. (2001) conducted a study to test the hypothesis that energy balance 
regulates the circulating leptin concentration in early lactation cows. They observed that 
plasma leptin concentration was reduced about 50% in dairy cows after parturition, and it 
remained depressed during lactation despite some improvement in the energy deficit. To test 
their hypothesis, they milked or not milked the cows after parturition. Cows that were not 
milked eliminated the negative energy balance, and their plasma leptin concentration was 
doubled. The results suggested that the energy deficit of dairy cows in early lactation caused 
a decrease in plasma leptin concentrations. This decrease stimulates a higher feed intake of 
early lactating cows to compensate for the energy deficit. In addition, they correlated 
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positively plasma leptin concentration with plasma insulin and glucose levels, and negatively 
with plasma GH and free fatty acids levels. 
Until recently, a sensitive and specific leptin assay for ruminants was not available. 
During the last two years, a few laboratories developed their own assays suitable for bovine, 
ovine, and caprine plasma. Ehrhardt et al. (2000) and Block et al. (2000), from Cornell 
University, Ithaca, New York, developed their RIA; Kauter et al. (2000), from University of 
New England, Armidale, Australia, developed an ELISA; Delavaud et al. (2000), from 
INRA, France and University of Missouri, Columbia, Missouri, developed an RIA; and 
Marie et al. (2001), from Rowett Research Institute, Aberdeen, UK, developed an RIA. 
Block et al. (2000) compared their specific ruminant RIA with a commercial assay (Multi-
Species Leptin RIA, Linco Research Inc.). They concluded that the commercial RIA was not 
sensitive enough to show differences among treatments in their study. Delavaud et al. (2000) 
used 56 ovine plasma samples to compare their competitive leptin RIA with a commercial 
multi-species leptin RIA kit (Linco Research Inc.). They did not observe a very good 
relationship between the values of plasma leptin levels determined by the commercial RIA 
kit and the specific ovine assay. The results indicated that there is some lack of sensitivity of 
the multi-species commercial kit when analyzing plasma leptin concentration in lower ranges 
(<5ng/mL). Furthermore, they suggested that the commercial RIA kit might cross-react with 
plasma components other rather than with leptin. Although bovine and ovine leptin are 86% 
and 87% (Dyer et al., 1997), respectively, homologous in amino acid sequence with human 
leptin, there is a poor cross-reactivity between these species (Delavaud et al., 2000). 
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Ghrelin 
Ghrelin is a peptide hormone composed of 28 amino acids produced predominantly by 
the stomach but also by intestine, placenta, pituitary gland, and hypothalamus (Horvath et al., 
2001; Kojima and Kangawa, 2001). Ghrelin stimulates growth hormone secretion (Ukkola 
and Poykko, 2002). In addition, ghrelin regulates energy balance and feed intake. Ghrelin 
has leptin antagonist effects, stimulating intake and adiposity (Kojima and Kangawa, 2001; 
Bagnasco et al., 2002). They speculated that ghrelin stimulates feed intake by regulating 
NPY, and leptin decreases intake by inhibiting NPY in the hypothalamus. Bagnasco et al. 
(2002) observed that fasting increased ghrelin secretion and decreased leptin secretion in rats. 
The circulating concentration of ghrelin is influenced by changes in nutritional status. Caixas 
et al. (2002) compared the effects of food consumption and insulin and glucose injection on 
serum ghrelin concentrations of humans. Consumption of food, via intake of a liquid meal or 
oral glucose, decreased serum ghrelin approximately by 26-28%. However, the parenteral 
injection of insulin and glucose in combination did not change serum ghrelin. They 
concluded that the suppressive effects on plasma ghrelin after a meal is not due to plasma 
insulin or glucose levels. 
Dietary Factors 
There is a strong relationship among dietary energy density, diet digestibility, and feed 
intake of cattle. Therefore, the ratio of forage to concentrate in the diet has great impact on 
feed intake. Although the forage component in cattle diets is usually one of the most 
expensive ingredients on the basis of cost of energy, its addition is important to maintain 
rumen function; regulate rumen pH; reduce acidosis and rumen disorders; improve feed 
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intake; stimulate chewing and rumination; decrease incidence of liver abscess; and optimize 
rate of feed passage and retention time in the rumen. However because of the high cost of 
feedlot diets, there is considerable research to minimize the amount of roughage in cattle 
diets. 
Gill et al. (1981) tested five levels of roughage (8, 12, 16, 20, or 24% of diet DM) in 
finishing diets for steers. Roughage levels did not affect live gains but did affect dressing 
percentage and carcass gains. Increasing the level of forage decreased dressing percentage, 
increased dry matter intake linearly, and decreased feed efficiency. Reed et al. (1997) 
conducted a study to evaluate the effects of diet foragerconcentrate (F:C) on digestion. They 
used two dietary treatments, F:C equal to 80:20 (HF) or F:C equal to 50:50 (MF). Dry matter 
digestibility (DMD) was higher (PcO.OOl) for MF than for HF diet. There was no statistical 
difference (P>0.10) in NDF digestibility. DiCostanzo et al. (1997) compared performance of 
feedlot steers fed diets with different com silage levels. The silage levels were 12, 24, 36, 
and 48% of dietary dry matter. Average daily gain was not different among treatments, but 
feed intake increased linearly (P<0.07) with increasing silage level. Feed efficiency 
decreased linearly (P<0.05) with increasing levels of forage. Dahlquist and Mader (1993) 
studied the effects of dietary energy level on performance of finishing steers by conducting 
four finishing trials. They did not find significant differences in daily gain, feed efficiency, 
and dry matter intake among roughage levels. They suggested that the common levels of 
roughage used in finishing feedlot diets, or small changes in these levels, will have minimal 
effect on cattle performance. Calderon-Cortes and Zinn (1996) compared growth of cattle 
using two levels of forage in the diet: 8 and 16% of dietary dry matter. Dry matter intake 
was not affected by forage level, but average daily gain was higher (P<0.05) for the 8% level 
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than 16% forage in the diet. Steers fed 8% forage were 20% more efficient (P<0.01) than 
those fed 16% forage. The authors hypothesized that the improvement in average daily gain 
was consistent with the increased energy intake. 
Woody et al. (1983) reported that increasing grain concentration to 80% of the diet 
improved average daily gain. However, increasing grain over 80% of the diet did not 
improve BW gain and decreased at 96% level due to depression in feed intake. They also 
observed that cattle fed higher grain diets were fatter and had higher yield grades. Woody et 
al. (1983) speculated that as the percentage of grain in the diet increased, performance is 
expected to improve. However, the nutritional value of grain or forage may not be additive 
as result of associative effects or interaction between the feed components. The apparent 
digestibility of a mixture of grain and forage may be different from the sum of the apparent 
digestibility of its constituents. Negative associative effects on digestibility are usually 
caused by increasing concentrate in the diet, and resulting in a depression in fiber digestion 
due to substrate competition and low rumen pH (0rskov and Ryle, 1990). However, they 
can also be related to a depression in the digestion of starch. 0rskov and Ryle (1990) 
suggested that when roughage is added to grain-based diets, small particles have higher rate 
of passage and starch digestion is decreased. 
Numerous studies reported that dietary energy level influenced carcass composition 
and that cattle fed high concentrate diets were fatter than those fed low concentrate diets 
(Guenther et al., 1965: Oltjen et al., 1971; Utley et al., 1975; Woddy et al., 1983). However, 
other researchers concluded that composition of gain was not influenced by energy level of 
the diet (Riley, 1969: Garret, 1971; Preston et al., 1975; Perry and Beeson, 1976). They 
found that, when steers were fed to a similar weight, there is no difference in carcass 
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composition due to feeding different forage to concentrate ratios. According to 0rskov and 
Ryle (1990) and Van Soest (1994), differences in efficiency of digested energy utilization 
between grain-based diets and forage-based diets need an explanation. Diet composition and 
level of intake differences cause the composition of the ME (ruminai VFAs, intestinally 
digested carbohydrates, and fat) to vary, which can affect performance and composition of 
gain of cattle. Forage diets tend to yield more acetic acid and concentrates more propionic 
acid, so ME from forages is utilized less efficiently than that from concentrate feeds. Acetic 
acid has lower caloric value and yields higher heat increment (an energy loss) during 
fermentation than propionic acid. In addition, acetic acid production supplies hydrogen for 
methane formation (an energy loss), and propionic acid inhibits methane formation. 
Moreover, cattle fed forages have higher energy requirement for maintenance due to eating 
and ruminating. 
In a study by Zinn and Plascencia (1996), crossbred steers were used to compare 10 or 
30% alfalfa hay level in growing-finishing diets. Feed intake was higher (P<0.05) for cattle 
fed 30% alfalfa hay than 10% alfalfa hay diets. Gain was not significantly different between 
treatments, but steers fed 10% alfalfa hay diets had greater (P<0.01) feed efficiency than did 
steers fed 30% alfalfa hay diets. Bartle et al. (1994) studied the effects of roughage level (10, 
20, or 30% on dry matter basis) on feedlot performance of steers. Dry matter intake of steers 
increased linearly (P<0.001) as roughage level increased in the diet. Average daily gain 
decreased linearly (P<0.05) with increasing roughage level. They observed a small 
difference between 10 and 20% levels, and a large decrease in gain between 20 and 30% 
levels. Feed efficiency was reduced linearly (P<0.001) as roughage content increased in the 
diet. VanSchaack et al. (1993) compared the effects of alfalfa level on performance and 
carcass traits of feedlot crossbred steers. The steers were fed diets containing 0, 2.5, 5, or 
7.5% alfalfa hay on dry matter basis. Steers fed 0% alfalfa hay diet had lower (PcO.Ol) feed 
intake than those fed the other levels. However, average daily gain was not significantly 
affected by alfalfa level. Therefore, feed efficiency was improved (P<0.03) for the 0% level 
than the other three treatments. The results indicated that the 0% level was the most 
economical diet, followed by 7.5, 5.0, and 2.5% levels. There were no differences in carcass 
traits among treatments. The authors suggested that high grain diets are more efficient, and 
that during cold stress periods, the roughage level should not be increased. Moreover, 
feedlot diets without roughage have lower cost of feed than diets containing roughage. 
Brandt and Pope (1992) used British crossbred steers to look for the effects of alfalfa level on 
cattle performance. The alfalfa levels were 5 or 10% of dietary dry matter. The 10% alfalfa 
level treatment resulted in higher daily gain (P<0.05) and higher feed intake (P<0.0003) than 
did the 5% alfalfa level. They did not find a significant difference in feed efficiency between 
treatments. Heal y et al. (1993) found similar results in feed intake. Thorp et al. (2000) 
evaluated the effects of F:C on plasma hormones. They found that plasma insulin 
concentrations increased within 2 to 3 hours after feeding with all diets, but it was more 
significant when the diet contained higher concentrate proportions. 
It has been proposed that reduction of forage particle size by grinding or pelleting 
increases rate of passage and decreases digestibility. Ground or pelleted forages are 
consumed in higher amounts than intact forages (Fahey and Merchen, 1987). They 
suggested that the effect of grinding on feed intake is higher with poor quality forages than 
with high quality forages. Diets that are deficient in nutrients, mainly nitrogen, decrease feed 
intake. Nitrogen is an essential nutrient for the rumen microbes to maximize rumen 
digestion. 
During the last few years, many studies have been conducted to evaluate the effects of 
feeding different roughage levels on performance and carcass characteristics of feedlot cattle. 
In general, results from these studies indicate that decreasing the roughage level in the diet of 
ruminants reduces feed intake, usually does not affect gain, improves feed efficiency, and 
improves quality grades. However, the extent of the effects is related to the quality and 
digestibility of forage, level of roughage inclusion, and grain source and processing. Larger 
changes of roughage level may also affect carcass quality, carcass yield, and days on feed. 
Animal Frame Size 
There is large variation in frame size of commercial cattle. The USDA (1980) 
considers three frame size classifications (small, medium, and large) and three sub-
classifications (low, middle, and high) for feeder cattle based on the weight at which cattle 
reach low choice grade. According to Fox and Black (1984), cattle reach low choice when 
they have 28% body fat. According to NRC (1987), large frame cattle such as Holsteins or 
Holstein crosses have higher feed intake relative to body weight than do beef breeds. Fox et 
al. (1988) indicated that feed intake for these two types of cattle is 8% and 4% greater than 
for British beef breeds, respectively. Thonney et al. (1981) compared the performance of 
large and small frame steers fed high concentrate or high forage diet. Feed intake was higher 
(P<0.005) for forage-based diets and large frame steers than for grain-based diets and small 
frame steers. At comparable weights, large frame steers consumed 0.76 kg of DM more and 
gained 0.2 kg more than did small frame steers. They observed that steers fed a high-grain 
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diet (P<0.001) had greater ADG than forage-fed steers. Thonney et al. (1981) also reported 
that cattle have poorer ADG and feed efficiency as they increase in body weight and 
maturity. They found a reduction of 0.18 kg of gain/day and an increase of 2.2 kg of DMI/kg 
of gain with each 100-kg increase in body weight. In conclusion, the results indicated that, at 
the same weight, large frame cattle gain faster and are more efficient than are small frame 
cattle. They suggested that large frame cattle gain more muscle and less fat per unit of gain 
than do small animals. As cattle mature, more of their gain is fat and less is muscle. Protein 
has lower energy content and muscle tissue contains more water than does fat tissue, so the 
energy cost of fat deposition is greater than that for muscle deposition. Therefore, Thonney 
et al. (1981) suggested that, as cattle mature, energy required per unit of gain increases. 
However, they speculated that the differences in live gain and efficiency may be smaller 
when expressed in terms of carcass weights, because small frame cattle usually have greater 
dressing percentage than do large frame cattle as result of higher body fatness. 
Crickenberger et al. (1978) investigated the effects of cattle frame and dietary energy 
concentration on steers feedlot performance. They used small, average, and large frame 
steers. The dietary energy concentrations used were 2.546 (HS) or 2.965 (HG) Meal of 
ME/kg of DM. HG-fed steers had greater (P<0.05) carcass gain than did HS-fed steers. The 
results for daily gain between frame treatments were confused, and there was no linear 
correlation between frame and daily gain. Trenkle (1998) conducted an experiment to 
evaluate the effects of frame size, body condition score, and dietary energy concentration on 
performance of feedlot steers. The steers were divided into two different frames by hip 
height. Diets contained 1.3 or 1.41 Meal NEg/kg of DM. He observed that steers fed the 
lower energy diet had higher DMI and similar ADG but were less efficient than did those fed 
the higher energy diet. The smaller frame steers had higher DMI and ADG and had similar 
feed efficiency than did large frame steers. He suggested that steers fed lower energy diet 
consumed more feed to compensate the lower energy density. 
Body Composition and Maturity 
The primary determinant of carcass characteristics is carcass weight within a mature 
size. However, in addition to weight, breed type, genetic variance, nutrition, frame size, sex, 
age, and stage of growth, body fat concentration also influences carcass characteristics. 
According to NRC (1987; 1996), body composition affects feed intake. When animals are 
increasing body fat concentration or becoming more mature, some physiological mechanism 
control feed intake. This is in agreement with the lipostatic theory from Kennedy (1953). 
Fox et al. (1988) proposed that dry matter intake of cattle decreases 2.7% for each 1% 
increase in body fat when the animal has a body fat percentage between 21.3 and 31.5%. 
Owens and Gill (1982), Fox and Black (1984), and Pledge et al. (1984) reported that dry 
matter intake per unit of metabolic weight was reduced when an animal of average frame size 
reached about 350 kg. Their results indicated that body fat concentration has a major role in 
voluntary feed intake. Song and Dinkel (1978) observed that feed intake was reduced with 
degree of maturity. Taylor (1959) hypothesized that reduction in feed intake in relation to 
body fat is due to competition for abdominal space. Cattle vary in frame and mature size, so 
weights at which cattle reach a determined degree of body fat are different. Fox and Black 
(1984) determined the weights at which different types of cattle begin to reduce dry matter 
intake. Although body fat concentration is a great predictor of feed intake, body weight is a 
poor predictor of feed intake (Saubidet and Verde, 1976; Thonney et al., 1981). Body weight 
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accounted for 2% to 19% of the variation in dry matter intake in the study by Thonney et al. 
(1981). Thonney et al. (1981) found a negative correlation between average daily gain and 
body weight and feed efficiency and body weight. Their results indicated that as finishing 
cattle progress in the feeding period, they become less efficient. 
Degree of maturity and fatness also affects performance of ruminants. Trenkle (1998) 
reported that gain and feed efficiency have negative correlation with body condition in cattle. 
In his study, he found that steers with lower subcutaneous fat and body condition score had 
lower intake, similar gain, and were more efficient. Nour et al. (1983) found that cattle fed a 
diet high in grain had heavier carcasses and higher dressing percentages (P<0.005) than did 
cattle fed high forage diets. They reported the relationship between hot carcass weight 
(HCW) and shrunk body weight (SBW). Nour et al. (1983) observed that dressing 
percentage increased (P<0.005) 0.02 units for each kg increase in SBW. Garrett (1971) 
conducted two comparative slaughter experiments, using similar procedures as Garrett et al. 
(1959), to compare the efficiency of energy utilization by dairy and beef steers. He observed 
that Herefords (beef steers) were fatter than Holsteins (dairy steers) at the beginning of the 
feeding period. There was no difference in gains between the two groups, but the gain made 
by beef steers contained more fat and consequently more energy than dairy steers. The 
results indicated that the beef steers were more efficient in converting feed energy consumed 
above maintenance to energy storage as adipose tissue and muscle. 
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Other Factors Influencing Feed Intake 
Sex does not have a direct effect on feed intake of beef cattle. Ayala (1974) observed 
no difference in intakes by bulls, steers, and heifers. A few studies showed a decreased feed 
intake for heifers because they were fatter than steers at equivalent weight. 
Age has been shown to influence feed intake. According to NRC (1996), yearlings 
have higher feed intake as percentage of body weight than calves during the early phase of 
the feeding period. It is speculated that this higher feed intake is due to compensatory 
growth of yearling cattle. It is known that cattle experiencing compensatory growth have 
higher demand for nutrients, require less energy for maintenance, and have greater efficiency 
of nutrient utilization during the early phase of the feeding period. Therefore, for yearlings is 
recommended a 10% increase in predicted DMI when compared with calves (NRC, 1984). 
Breed also has influence in feed intake, in addition to the effects due to frame size 
differences between the different breeds. Efficiency of energy utilization by Holsteins is less 
than beef breeds, because they have a larger NEm requirement and they require more NE per 
unit of gain at same body composition (Fox and Black, 1984). Garret (1971) conducted two 
comparative slaughter experiments to compare net energy efficiency of utilization between 
Holsteins and Hereford. The results indicated that Hereford steers were 20% and 12% more 
efficient in converting energy from feed consumed above maintenance to energy storage as 
fat and protein, respectively. The gains made by Hereford steers contained more fat than the 
gains made by Holstein steers, so the difference on efficiency is related to gain in adipose 
tissue. Many studies have indicated that Holsteins must have their energy requirement 
increased by 12% after adjusting the requirement for frame size. Fox (1987) indicated that 
Holsteins have 8% higher feed intake than do beef breeds. Smith et al. (1976) observed that 
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crossbred cattle had 2% higher feed intake than did straightbred cattle. However, Lomas et 
al. (1982) did not observe any effect on feed intake/W 75 due to breed. NRC (1987) 
speculated that Holsteins could be an exception. 
Environment has major effects on feed intake by beef cattle. Feed intake is usually 
depressed in high temperatures and enhanced in cold temperatures. NRC (1996) reported 
that intake decreases when temperature is above the thermoneutral zone, and it increases 
when temperature is below the thermoneutral zone. NRC (1987) reported that there is no 
change in voluntary feed intake when the temperature is between 15 and 25°C. Other 
environmental conditions that influence the effects of temperature on feed intake are mud, 
wind, precipitation, and snowfall. 
The most common feed additives for beef cattle are the ionophores monensin, 
lasalocid, and laidlomycin propionate. Monensin and lasalocid reduce feed intake of cattle 
fed a high concentrate diet, but laidlomycin propionate does not (Vogel, 1995). The 
ionophores improve the use of energy by the animal. Therefore, cattle regulating their feed 
intake by energy requirement have their feed intake decreased. Fox ( 1987) reported that 
feeding monensin decreased feed intake by 6 to 10% and feeding lasalocid by 2%, but 
average daily gains were not changed. Ionophores do not affect feed intake of cattle fed 
forage-based diets, but the daily gain rate is improved. Potter and Wagner (1987) speculated 
that monensin can have a negative effect on palatability when fed in high doses, and this 
effect is enhanced during the early phase of the finishing period. Ionophores decrease the 
variation in feed intake by inhibiting digestive disorders such as bloat and acidosis (Vogel, 
1995). 
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A temporary reduction in feed intake is associated with feeding antibiotics to cattle. 
Bell et al. (1951) speculated that this reduction in intake is caused by rumen bacteria 
inhibition. Brown et al. (1975) conducted an experiment with feedlot cattle to evaluate the 
effects of feeding tylosin or chlortetracycline on feed intake. They did not find any effect on 
feed intake when feeding low doses of the antibiotics. Melengestrol acetate (MGA), a feed 
additive that inhibits estrus and increases estradiol secretion, was shown to increase feed 
intake by 5% in non-implanted heifers (Potter and Wagner, 1987). 
Estrogenic implants increase feed intake by 8% in beef cattle (Potter and Wagner, 
1987; Fox, 1988). Anderson and Botts (1995) reported that steers implanted with estrogen 
implant had their intake increased by 6%. The anabolic response to estrogenic implants is 
due to greater protein deposition, which increases the demand of amino acids and energy use 
by muscle tissue. Indirect effects of implants are greater growth hormone (GH), insulin, and 
thyroid hormone secretion, increasing the metabolic rate and requirement for nutrients. It 
seems that androgenic implants do not affect feed intake in beef cattle. 
Models to Predict Body Composition 
Estimation of body composition of live cattle is very important for determination of 
energetic efficiency and prediction of gain and feed intake. Therefore, accurate and precise 
estimation of live animal body or carcass composition has been of interest to scientists during 
the last 40 years. Many studies have been conducted to determine methods that provide a 
reliable estimation. Miller et al. (1988) and Faulkner et al. (1990) listed several methods of 
estimating body or carcass composition from cattle such as measurement of weight; weight 
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to height ratio; USD A yield grades; urea space; deuterium oxide dilution; dye dilution; 40K 
content; ultrasonic measurement; analysis of the 9-10-11th rib section; boneless closely 
trimmed retail cuts: and carcass density or specific gravity. In many studies, equations to 
predict composition were developed from numerous animal measurements and were 
compared to a carcass composition. 
Miller et al. (1988) and Faulkner et al. (1990) cited that real-time ultrasound is a fast, 
repeatable, inexpensive, and non-destructive evaluation technique to estimate live body 
composition. They stated that there is high correlation between ultrasound backfat 
measurements of cattle and carcass composition. According to Brethour (1992), ultrasound 
measurement of fat thickness is more accurate and precise than carcass measurement of fat 
thickness. Fat thickness (FT) over the ribeye at the 12th rib is very accurate and precise and 
the most used measurement for estimating carcass fat (Grouse and Dikeman, 1976; Faulkner 
et al. 1990). Fat thickness is the carcass measurement with highest correlation to empty body 
fat (EBF) and carcass fat (CF) (Miller et al., 1988; Guiroy et al., 2001). Miller et al. (1988) 
conducted a complex study to develop equations to estimate carcass and body composition of 
beef cattle. They used 50 animals of various sizes, compositions, and ages in their study, and 
they developed several regression equations to predict carcass fat from live animal 
measurements of several age classes. Their equation to estimate percent carcass fat in cattle 
of all age classes from ultrasound fat thickness measured in mm was Y = 17 + 0.628X, where 
Y is CF% and X is the FT. For yearlings, the equation was Y = 12.1 + 1.74X. 
Dressing percentage is another important tool used to determine performance, energy 
efficiency, carcass value, and nutrient requirements of cattle. Dressing percentage is the 
relationship between animal live weight and carcass weight, and is influenced by several 
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factors. Jones et al. (1985) cited that gut fill, animal fatness, and muscle thickness are the 
primary factors influencing dressing percentage, but other factors such as KPH fat also 
influence it. Jones et al. (1985) fed large and small frame steers a concentrate or forage 
based diet to evaluate empty body composition. There was no difference in dressing 
percentage caused by dietary energy density when the effect of gut fill was removed 
(comparing empty body weights). According to Lofgreen et al. (1962), gut fill is the major 
source of error affecting measurements of live body weight. They also suggested that the 
type of diet influences the amount of fill remaining in the gut at a given time following the 
last feeding. Forage-based diets are expected to remain longer in the gut than high grain 
diets. Fox et al. (1976) stated that "the major problem with measuring live weight gains in 
cattle is the variation in weight of the digestive tract contents, or fill." Lofgreen et al. (1962) 
conducted a study to estimate empty body weight (EBW). They considered EBW as SBW 
minus the reticulo-rumen fill. The contents in the remainder of the tract were ignored. They 
used animals with SBW varying from 227 to 499 kg, carcass grades at slaughter varying 
from cutter to prime, and carcass fat varying from 4 to 31%. They proposed the regression 
equation as Y = 31.746 + 1.45X (r = 0.97), where Y and X are EBW in kg and CW in kg, 
respectively. Lofgreen et al. (1962) observed that the variation in EBW is 86% explained by 
CW and less than 1% by fatness of the animal. This finding led to the hypothesis that degree 
of fatness does not have significant effect on dressing percentage. Therefore, Lofgreen et al. 
(1962) conducted a multiple regression analysis to investigate this hypothesis. They found 
that gut fill was the major determinant of variation in dressing percentage, but degree of 
fatness was significantly correlated to dressing percentage when the fill effect was removed. 
There is some evidence that fill in grazing animals is related to amount of internal fat 
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(Taylor, 1959). Lofgreen et al. (1962) found that fill was reduced as body weight and 
percent fat increased, but the effect was greater for fatness than body weight. These results 
suggested that internal fat might have negative effects on feed intake. 
Garrett and Hinman (1969) developed a regression equation to relate EBW (Y) to CW 
(X) as Y = 30.26 + 1.362X with a correlation coefficient of 0.99. This equation had a 
different slope compared with the equation developed by Lofgreen et al. (1962). The 
equation developed by Lofgreen et al. (1962) was Y = 31.746 + 1.45X with EBW and warm 
carcass weight in kg. They speculated that this difference of slope was due to the method of 
estimating EBW. Lofgreen et al. (1962) corrected the EBW for rumen fill only, and Garrett 
and Hinman (1969) considered the fill of entire digestive tract. Later, Garrett et al. (1978) 
developed another regression equation to predict EBW of beef steers from CW. It was Y = 
32.29 + 1.316X where Y is EBW and X is CW, and it had a correlation coefficient of 0.998. 
Fox et al. (1976) also conducted a study to evaluate the relationship between EBW and CW. 
He used steers with EBW between 190 and 450 kg. A regression line was developed from 
their study as Y = 40.2 + 1.40X where Y is EBW and X is chilled CW in kg (R2 = 0.98). It 
was compared with the equations developed by Lofgreen et al. (1962) and Garrett and 
Hinman (1969). Fox et al. (1976) found a different Y intercept compared with Lofgreen et 
al. (1962) and Garrett and Hinman (1969), and they suggested that these differences were due 
to the different procedures used. Fox et al. (1976) and Lofgreen et al. (1962) estimated EBW 
from SBW minus rumen-reticulum contents. Garrett and Hinman (1969) calculated EBW 
from SBW minus entire digestive tract contents. Then, Garrett and Hinman (1969) equation 
gives the most accurate estimation of true EBW. 
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Nour et al. (1983) proposed different equations to explain the relationship between hot 
carcass weight and shrunk body weight for Angus steers as HCW = -49.3 + 0.758 SBW (R~ = 
0.98) and for Holstein steers as HCW = -56 + 0.720 SBW (R2= 0.93). They also developed 
linear regression equations between marbling score and chilled carcass weight (CCW) (R2 = 
0.50 and R2 = 0.57 for Angus and Holstein, respectively); fat thickness and chilled carcass 
weight (R2=0.45 and R2 = 0.35 for Angus and Holstein, respectively); rib eye area and 
chilled carcass weight (R2 = 0.42 and R2 = 0.19 for Angus and Holstein, respectively); and 
estimated KPH fat % (R2 = 0.60 and R2 = 0.52 for Angus and Holstein, respectively). 
Fox and Black (1984) developed a system to predict body composition and 
performance in cattle. They proposed that maintenance requirement is a function of body 
weight, but the gain requirement is a function of proportion of fat and protein in the tissue 
gain or composition of gain. They suggested that several factors influence body composition 
such as weight, rate of gain, frame, breed, sex, use of growth stimulants, nutritional 
management, and dietary effects. Therefore, their system contained adjustments for frame, 
breed, sex, body condition score, growth stimulants, feed additives, and various 
environmental conditions. Fox and Black (1984) reported equations to estimate empty body 
fat (EBF = -0.61 + 0.037 EBW + 0.00054 EBW2); carcass fat (CF% = 0.7 + 1.0815 EBF%); 
quality grade (QG = 2.5 + 0.23 CF%); and yield grade (YG = -1.7 + 0.15CF%). According 
to Fox and Black (1984), yield grades are directly associated with carcass fat percentage, but 
quality grades are associated with carcass fat as a function of marbling score. Fox (1978) fed 
calves with high grain or high silage diets to similar final weights. Calves fed high grain had 
15.7% greater carcass fat and 18.5% lower yield grades, but the quality grade was only 6.5% 
higher for grain-fed calves. There is great variation in fat distribution within the carcass, and 
35 
internal and external fats are deposited at a higher rate than is intramuscular fat (Fox and 
Black, 1984). Therefore, the YG grade equation is probably more accurate than the QG 
equation. Crickenberger et al. (1978) compared small and average frame steers with large 
frame steers fed to a similar carcass grade. He found that small and average steers had 
similar carcass composition, but large frame steers were 100 kg heavier at slaughter and had 
only approximately 90% of the fat in the other groups. Thus, larger frame size cattle reached 
the same composition at a greater weight. Fox and Black (1984) derived from Simpfendorfer 
(1974) and Antique (1976) data sets several relationships between EBF% and EBW for 
different categories of cattle. Oltjen et al. (1986) reported that steers with less body 
condition score at similar live weights have less EBW. He suggested that when decreasing 
dietary energy concentration, the predicted body fat be reduced in beef cattle. 
Perry and Fox (1997) conducted an extensive study to develop equations to estimate 
carcass fat percentage and yield grade in live cattle. In addition, they were looking to 
develop equations to estimate final empty body fat from carcass measurements. They fed 
steers from different breeds individually with a high-energy corn-based diet to allow 
maximum gain. They did not implant the steers to avoid interactions with the available 
implant combinations. They estimated the initial body composition using the Simpfendorfer 
(1974) equations from initial SBW. Ultrasound measurements of the animals before 
slaughter were used to measure fat thickness, longissimus muscle area (LMA), and to 
estimate marbling score. Perry and Fox (1997) developed a system of equations to predict 
carcass weight, carcass composition, and empty body composition in live cattle with large 
variation in body size. According to the authors, these equations would allow prediction of 
the cost of gain and the quality and yield grades as the animals go through the feeding period. 
36 
With these determinations, producers would be able to determine the moment of optimal 
profitability or sale point. The set of equations used by Perry and Fox (1997) is shown in 
Appendix A. By making a detailed analysis of these equations from Perry and Fox (1997) to 
predict body and carcass composition in live cattle, it could be concluded that they do not 
have solution. It is necessary to estimate YG or EBF% to be able to find the solution for 
their equation system. Guiroy et al. (2001) modified the model developed by Perry and Fox 
(1997). They focused their work on developing an equation to predict empty body fat 
percentage, evaluating the relationship between quality grade (QG) and EBF, and improving 
the estimation of shrunk body weight necessary to reach the body composition end point. 
The first step was a new and practical equation to estimate EBF percentage. They used data 
from several studies to develop and validate this new equation. Hot carcass weight, fat 
thickness, longissimus muscle area, USDA quality grade, and kidney, pelvic, and heart fat 
were the carcass measurements used to examine their relationship with carcass fat. They 
used these measurements to formulate an equation to calculate CF, but KPH fat was not 
included in the multiple regression equation. They reported that KPH fat did not contribute 
significantly (P>0.1) to the prediction of carcass fat percentage when FT and QG were 
included. EBF is the variable needed to predict DMI, so CF was converted to EBF by the 
equation Y = 0.9246X — 0.647 (where Y is EBF% and X is CF%) developed by Garrett and 
Hinman (1969). Guiroy et al. (2001) found that the new equation predicted EBF more 
accurately and precisely than the equation developed by Perry and Fox (1997). However, 
they concluded that the new equation overestimated and underestimated EBF for cattle with 
low and high EBF percentages, respectively. The next step was to estimate the expected 
SBW at which the animal would achieve the target EBF, 28% of empty body weight as fat. 
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This new equation indicated that a 14.26 kg EBW change is required to change 1% unit in 
EBF. Perry and Fox (1997) suggested 19-kg change in EBW to change 1% in EBF. Guiroy 
et al. (2001) used animals with EBW ranging between 177 and 587 kg and constant ADG of 
1.2 kg. Perry and Fox (1997) used data from animals weighing between 180 and 891 kg and 
a lower ADG. It is expected that younger animals and cattle with lower gains need higher 
change in weight to change one unit in body fat concentration. Guiroy et al. (2001) 
concluded that the 19 kg used by Perry and Fox (1997) overestimates the gain needed when 
applied during the late finishing period. Guiroy et al. (2001) also saw that LMA is not 
related to FT, KPH fat, or QG, but is related to HCW. These results indicated that LMA 
increases with carcass weight but not with the other carcass measurements. Fat thickness is 
the carcass measurement with highest correlation to EBF and CF (Miller et al., 1988; Guiroy 
et al., 2001). 
Models to Predict Feed Intake 
Accurate estimation of feed intake is vital to allow prediction of performance and also 
to be able to apply equations for predicting nutrient requirements of cattle. For growing and 
finishing cattle, feed intake is regulated by energy requirement of the animal as reviewed 
above, but there are many other factors involved. Therefore, the NRC (1996) stated that 
"because many factors regulating intake by ruminants are not completely understood, models 
for predicting intake are empirical by nature." Many intake prediction equations were 
developed, and they are based on metabolic body weight and dietary energy concentration. 
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Metabolic weight or physiological weight is a unit for body size, and it has been the 
subject for much discussion. Metabolic size varies with organ tissue weight as a proportion 
of body weight. Therefore, body size is a dominant factor in determining the magnitude of 
metabolism, but basal metabolism does not increase directly with body weight. It is known 
that basal metabolism increases progressively at a slower rate than body weight. Early work 
by Kleiber (1961) and Brody (1945) associated metabolic rate to a power of body weight. 
They suggested that 0.75 (Kleiber, 1961) or 0.73 (Brody, 1945) power of body weight were 
adequate to express metabolic body weight. Energy intake has been related to weight raised 
to 0.75 power (NRC, 1987). The 0.75 power is not an unanimous value, so other values were 
suggested to be related to feed intake such as 0.5 to 0.8 by Colbum and Evans (1968), and 
0.47 by Owens and Gill (1982). Blaxter (1965), Thonney et al. (1976), and Koong et al. 
(1985) did not disagree with the 0.75 power for fasting mature animals, but they indicated 
that it might be different for growing animals. Colbum and Evans (1968) suggested 0.54 
power of body weight for the intake prediction equation of growing steers fed forage-based 
diets. Fox and Black (1984), NRC (1984), Plegge et al. (1984), and NRC (1996) developed 
equations to predict feed intake in beef cattle as a function of the 0.75 power of body weight. 
The maintenance energy requirement of cattle is directly related to metabolic body size 
as expressed in the equation NEm (required) = 0.077 Mcal/EBW 75 kg (NRC, 1984). Fox et 
al. (1988) suggested that the equation above be expressed as NEm = 0.077W75 (breed) 
(previous production level) (level of production). Maintenance energy requirement of 
growing beef cattle is influenced by body weight, dietary management and strategy, previous 
nutrition, level of production, breed, sex, age, and environment. The energy requirement for 
gain is primarily influenced by composition of gain. The ability to predict gain depends on 
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prediction of intake. NRC (1987) presents several systems to predict feed intake of finishing 
beef cattle (ARC, 1980; Owens and Gill, 1982; Fox and Black, 1984; NRC, 1984; Plegge et 
al., 1984; Owens et al., 1985; Thornton et al., 1985). These equations were developed based 
on body weight and diet energy concentration (NEm or ME) or only on body weight. These 
models to predict feed intake do not account directly for physiological, environmental, and 
management factors that influence intake, but some of these models contain adjustment 
factors to compensate for these factors. Several relationships between dietary energy 
concentration and dry matter intake in growing cattle (NRC, 1987) are shown in Figure 3. 
The NRC (1984) presented an equation to predict dry matter intake of growing and 
finishing beef cattle as DMI (kg/day) = W0 75 (0.1493 NEm - 0.046NEm2 - 0.0196), where 
W 75 is metabolic body weight in kg and NEm is the Meal of net energy for maintenance 
available per kilogram of diet dry matter. This equation predicts average feed intake through 
the entire feeding period, so SBW used in the equation needs to be calculated as the average 
between initial and final SBW. Frequently, the final SBW needs to be projected or estimated 
as SBW at low-choice grade (NRC, 1996). Fox et al. (1988) and NRC (1987) presented and 
validated the NRC (1984) equation to predict dry matter intake with adjustment factors for 
equivalent weight, age, breed, feed additives, temperature, growth stimulants, type of diet, 
and mud. The NRC (1996) presented a different equation that was developed from published 
literature data and is expressed as total NEm intake in Meal/day. The new equation is NEm 
intake = SBW0-75 * (0.2435 * NEm — 0.0466 * NEm2 — 0.1128). The relationship between 
predicted DMI and dietary energy concentration for both equations (NRC, 1984; NRC, 1996) 
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Figure 3. Relationship between dietary energy concentration and dry matter intake in growing cattle (NRC, 1987). 
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Figure 4. Relationship between predicted dry matter intake and dietary energy concentration 
(NRC, 1984; NRC 1996). 
Song and Dinkei (1978) analyzed data from the literature to develop a mathematical 
model to predict voluntary feed intake for beef cattle from weaning to slaughter, for several 
types of cattle, and for cattle fed various rations. They divided their work in two purposes: 
cattle with feed intake regulated by metabolic factors and cattle with feed intake regulated by 
distension of gastrointestinal tract. Song and Dinkei (1978) estimated voluntary feed intake 
(VFI) for cattle fed high concentrate diets as being VFI = Energypo/EnergyoM, where 
Energypo is energy required per kg of metabolic weight and EnergyDM is Kcal of ME per 
gram of dry matter of feed (g/kg W 73). They expressed VFI as grams of DM per kg of 
metabolic weight (g/kg W'73), and observed that maximum dry matter intake was reached 
when diets contained 2.81, 2.76, 2.73,2.68, 2.58, and 2.54 kcal of ME/gram DM for cattle 
with 0.3,0.4,0.5,0.6,0.7, and 0.8 degree of maturity, where 0.3 is the youngest and 0.8 is 
the oldest cattle. They suggested that younger cattle have maximal intake with higher energy 
density diets, and older cattle have maximal feed intake with lower energy density diets. 
Feed intake of ruminants fed predominantly forage diets is controlled by rumen 
distension, so the models for predicting intake must primarily evaluate forage characteristics. 
Dry matter intake is not highly correlated with dry matter digestibility but it is with NDF 
(Fahey and Merchen, 1987). They suggested that dietary NDF is correlated with gut fill and 
rate of passage. Van Soest (1965) conducted an experiment to examine the relationship 
between voluntary dry matter intake of sheep and characteristics from several species of 
forage. NDF and VDMI were more negatively correlated (r = -0.65) than ADF and VDMI (r 
= -0.53). The results indicated that NDF was the only forage component highly related to 
VDMI in all forage species. Osboum et al. (1974) found similar results, and they developed 
the following relationship: DMI (g/kg BW75) = 95 - 0.073 NDF%. Rohweder et al. (1978) 
also observed a high correlation between NDF and VDMI, and they suggested that ADF is 
more highly correlated to dry matter digestibility. They presented several regression 
equations for predicting VDMI from NDF of different forages. 
As reviewed previously, Perry and Fox (1997) conducted a study to develop a 
mathematical model to predict carcass composition. They used the carcass and body 
composition data to develop a model to predict energy and feed intake requirements. The 
model allows calculation of retained energy (RE), feed required for maintenance (FFM), and 
feed for gain (FFG) for individual animals. Total dry matter required for each individual 
animal is FFM +• FFG. This model allows comparing required DMI and actual DMI for a 
pen of animals or an individual animal. The objective of the model of Perry and Fox (1997) 
was to provide a method for allocating feed to individuals fed in a group on a biological 
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basis, and this system should consider differences that affect requirements such as breed 
type, body size, and stage and rate of growth. Animal performance and carcass evaluation on 
an individual basis instead of group averages is gaining importance in the beef industry 
(Guiroy et al., 2001). Guiroy et al. (2001) modified the model developed by Perry and Fox 
(1997). The major modifications made were in the calculations to predict carcass 
composition as cited above. They used the new model to examine the precision and accuracy 
of predicting dry matter intake required by cattle fed individually with measured body 
composition and also evaluated the model with commercial feedlot data. Guiroy et al. (2001) 
used 374 individually fed steers to evaluate individual prediction of DM required, and 12,105 
steers and heifers as a feedlot data set to evaluate the accuracy of the model in predicting dry 
matter intake required on an individual basis in commercial feedlots. They made 
comparisons between the new model and the old model by Perry and Fox (1997). They 
observed that the new set of equations to predict individual DMI required resulted in a 
reduction in the mean bias (0.255 vs. 0.187 kg/d) and residual error (0.865 vs. 0.770 kg/d). 
The results indicated an improvement in accuracy and precision for predicting DM required 
for individual animals when the new model was used. They attributed this improvement in 
accuracy to a better prediction of EBF% and a better equation to estimate final shrunk body 
weight adjusted to 28% fat (AFBW). However, they stated that the model overestimated or 
underestimated the dry matter required for cattle with high or low feed for gain requirements, 
respectively. When they tested the model with feedlot data, they concluded that the model 
does not explain all of the variation in predicting dry matter required by each individual 
animal. However, they expect a decrease in the variability when predicting DM 
requirements for groups or pens of cattle. 
44 
There is not a perfect model to predict dry matter intake, and many studies have been 
conducted to examine the accuracy of these models. According to NRC (1996), "no single, 
general equation applies in all production situation." Trenkle (1998) compared observed 
performance with predicted performance from NRC (1996) model, and he found that the 
model tended to underestimate dry matter intake prediction. 
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MATERIAL AND METHODS 
Digestibility Experiment 
Animals and Diets 
Six crossbred steers with an initial average weight of 452 kg were placed in 
metabolism crates for total fecal collection. The Animal Care Committee of the Iowa State 
University approved the animal care procedures for this study. The animals were used in a 3 
x 3 Latin Rectangle design repeated two times. Each experimental period consisted of 14 
days, with diet adaptation during days 1-9 and sampling during days 10-14. The steers were 
randomly assigned for each of the three dietary treatments. The treatments were composed 
of diets with energy concentrations of 2.4, 2.7, or 3.0 Meal of ME/kg of DM. Dietary 
treatments are shown in Table 1. The steers were fed ad libitum twice daily at 7:30 AM and 
7:30 PM, except during days 8-14 the steers were fed at 90% of previous ad libitum intake. 
Restricting feed intake at 90% level minimized feed refusals. Feed intake was recorded 
daily. The steers had continuous access to drinking water. The steers were kept in a room 
with constant 16 hours of light and 8 hours of dark at approximately 20°C. The steers were 
weighed and allowed to exercise in larger pens for approximately 3 hours at end of each 
experimental period. 
Sampling Procedures 
Samples from complete mixed diets were collected on days 8-14 of each experimental 
period. Approximately 250 grams were collected twice/day during feeding. At the end, the 
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Table 1. Composition of the diets (% of dry matter). 
Ingredient 
Diet Meal ME/kg 
2.4 2.7 3.0 
Alfalfa Hay 64.99 37.26 11.52 
Cracked Com 33.23 58.12 76.81 
Cane Molasses 1.03 0.89 0.92 
Soybean Meal 0.00 2.24 8.45 
Urea 0.30 1.04 0.62 
Premix3 0.15 0.15 0.15 
Salt 0.30 0.30 0.30 
Limestone 0.00 0.00 1.23 
a Provided trace minerals, sulfur, and vitamin A. 
samples were composited and one portion was dried at 55°C to determine dry matter (DM) 
content and to store for later analysis. Individual feeds (com, soybean meal, urea, molasses, 
and alfalfa hay) were collected before mixing each batch of the complete diet. They were 
dried at 55°C, except molasses that was dried at 72°C, and stored for later analysis. Total 
feed refusals for each animal were collected on days 8-14. The feed refusals were weighed 
and sampled for dry matter analysis at 55°C. 
Total feces collection was performed daily during days 10-14. The total feces were 
weighed, and the weights were recorded daily. Feces from each animal were well mixed, and 
5% of the weight were kept as a sample. Each sample was stored in a cool room at 4°C in a 
plastic bag during the collection period (days 10-14). Thymol as a preservative was added 
daily in the plastic bag with the sample. At end of the collection period, fecal samples were 
composited for each animal. One portion of the composite sample was dried at 
55°C for dry matter analysis and stored for later analysis. Another portion was frozen at 
-20°C for later nitrogen analysis. 
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Laboratory Analysis 
Dry matter determination of feed, diet, feed refusal, and fecal samples were 
performed in a convection oven at 55°C. Dried feeds, diets, and feces were ground through a 
1-mm screen using an ultra centrifugal Retsch mill. Nitrogen concentration of dried feeds, 
dried diets, and thawed feces were determined by Kjeldahl analysis using procedures 
described by A.O.A.C. (1990) with selenium as a catalyst. Neutral detergent fiber and acid 
detergent fiber concentrations were determined in dried feeds and feces using a Fiber 
Analyzer (Ankon Technology, 1998). The procedure used by Ankon Technology (1998) was 
adapted from the method developed by Van Soest et al. (1991). Ash and organic matter 
concentration of dried feeds, diets, and feces were determined by combustion at 600°C for 2 
hours in a muffle furnace (A.O.A.C., 1990). Lipids concentration of dried feeds, diets, and 
feces were determined by extraction through a porous thimble (A.O.A.C., 1990) using 
hexane as the extraction reagent. Non-fiber carbohydrates (NFC) was calculated as NFC% = 
100% - (CP% + NDF% + EE% + Ash%). Apparent dry matter digestibility percentage 
(DDM %) was calculated by DM consumed (kg/d) minus fecal DM (kg/d) divided by DM 
consumed (kg/d) times 100. Apparent nutrient digestibility percentage was calculated by 
nutrient consumed (kg/d) minus fecal nutrient (kg/d) divided by nutrient consumed (kg/d) 
times 100. Apparent nutrient digestibility was calculated for fat, crude protein, organic 
matter, ADF, NDF, and NFC. 
Statistical Analysis 
Data were analyzed as 3 x 3 Latin Rectangle repeated twice using the PROC GLM 
procedure of SAS (1990). Analysis of variance was used with the main effects of period, 
steers, and diet. T-tests were used to compare dietary treatments for significance. Data were 
considered statistically significant at P<.05. 
Feedlot Experiment 
Animals and Diets 
Thirty-six, black-hair coat and predominantly Angus, steers with an initial average 
weight of 325 kg were divided by frame size. The steers were separated by visual appraisal 
from an initial group of 120 steers into two groups: small and large frame sizes. The tallest 
eighteen steers were placed in the large frame size group and the shortest eighteen steers 
were placed in the small frame size group. Steers were randomly allotted to six pens inside a 
shed open to the south, so that each pen contained six steers. The pens were provided with 
electronic individual Calan gates (American Calan, Northwood, NH). Steers were not 
implanted, with anabolic implants, because there are several implant strategies and 
combinations that might cause different interactions with cattle fed different diets. Perry and 
Fox (1997) also decided to not use anabolic implants to avoid these interactions. 
The steers had ad libitum access to feed. They were fed twice daily at 8:30 AM and 
3:30 PM for 196 days from March to October. Dietary treatments were the same as the 
digestibility experiment (Table 1), and each dietary treatment was fed to 12 steers. The 
experimental design was a 3 x 2 factorial treatment design, where the treatments were diet 
and frame size. The dietary treatments were randomly assigned to individual steers. 
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Sampling Procedures 
Feed intake was determined by the amount of feed offered minus feed refusals. Daily 
dry matter intake, average daily gain, and feed efficiency were measured. Dry matter intake 
was expressed in kg/day and as % of body weight. Ingredients were mixed and fed as total 
mixed diets. Samples from feed ingredients and complete mixed diets were collected 
biweekly. All feed removed (refusals) from the bunks was weighed, recorded, and sampled 
weekly. Animals were weighed individually in the mornings before feeding on two 
consecutive days at the beginning of the study and on days 28, 56, 84, 112, 140, 168, and 196 
during the experiment. The steers were weighed after 14 hours without water and feed. 
Blood samples were taken from the jugular vein in the mornings before feeding, after 
14 hours fasting, on days 0, 28, 56, 84, 112, 140, 168, and 196 by venipuncture. 
Approximately 15 mL of blood were collected and transferred to tubes containing potassium-
EDTA (1.6 mg EDTA/mL; Sarstedt, Germany). They were kept in ice until returning to the 
laboratory. The blood samples were then centrifuged for 20 minutes at 1700 rpm to separate 
blood plasma. Plasma was placed in three different 2-mL cryogenic vials, and frozen at -
20°C. 
Ultrasound Measurements 
Each steer was restrained in a squeeze chute and scanned with a model 200 Pie 
Medical system (Classic Medical Supply, Inc.) real-time ultrasound on days 28, 56, 84, 112, 
140, 168, and 196. Images of longissimus muscle (ribeye) and subcutaneous fat thickness 
(backfat) scans were taken between the 12th and 13th ribs using a 3.5 MHz, 18 cm linear array 
probe fitted with a standoff designed for beef cattle. Fat thickness and longissimus muscle 
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area were measured using software developed by Pie Medical. Fat thickness and longissimus 
muscle area measurements were used to estimate yield grade by Boggs and Merkel (1990) 
equation: YG = 2.5 + (0.9843 * FT cm) + (0.0083774 * HCW kg) + (0.2 * %KPH Fat) -
(0.0496 * LMA cm2). KPH fat was estimated to be 2% at end of trial. Hot carcass weight 
was determined by the equation CW = (EBW - 32.29) / 1.316 (Garret et al., 1978), and EBW 
was determined by the equation EBW = 0.891 * SBW (NRC, 1984) as suggested by Perry 
and Fox (1997). YG and CW were needed to estimate predicted dry matter intake by Perry 
and Fox (1997) equations. Perry and Fox (1997) equations are shown in Appendix A. 
The equations by Perry and Fox (1997) were used to estimate the individual predicted 
DMI and these were compared with the observed individual DMI. The equations published 
by Perry and Fox (1997) to predict DMI and body composition can be solved only if yield 
grade can be estimated from another equation. Therefore, YG was estimated using Boggs 
and Merkel (1990) equation. Perry and Fox (1997) equations were used over those of Guiroy 
et al. (2001), because of the characteristics of diets being fed and of the performance of the 
steers during the feedlot trial. Guiroy et al. (2001) equations were formulated to estimate 
intake and carcass composition from cattle fed high concentrate diets with ADG greater than 
1.2 kg/day. 
Laboratory Analysis 
Dry matter content of feed, diet, and refusal samples were analyzed by drying in a 
convection oven at 55°C. Dried feeds and diets were ground through a 1-mm screen using an 
ultracentrifugal Retsch mill. Nitrogen concentration of dried feeds and diets were 
determined by Kjeldahl analysis by using procedures described by A.O.A.C. (1990) and 
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selenium as a catalyst. Neutral detergent fiber (NDF) and acid detergent fiber (ADF) 
concentrations were determined in dried feeds using a Fiber Analyzer (Ankon Technology, 
1998). The procedure used by Ankon Technology (1998) was adapted from the method 
developed by Van Soest et al. (1991). Ash and organic matter concentration of dried feeds 
and diets were determined by combustion at 600°C for 2 hours in a muffle furnace 
(A.O.A.C., 1990). Lipids concentration of dried feeds and diets were determined by 
extraction through a porous thimble (A.O.A.C., 1990) using hexane as the extraction reagent. 
Blood plasma samples were assayed for insulin and leptin. Plasma leptin concentration 
was determined in triplicate on 200-^iL aliquots using a ruminant specific radioimmunoassay 
procedure as described by Delavaud et al. (2000). The leptin assay was performed in the 
laboratory of the Dr. Duane Keisler at the University of Missouri. Plasma insulin 
concentration was determined using the commercial Coat-A-Count RIA kit (Diagnostic 
Products Corporation, DPC, Los Angeles-CA). Plasma samples (200 |iL) were analyzed in 
duplicate as per the manufacturer's instructions. 
Statistical Analysis 
The experimental design was a 3 x 2 factorial treatment design. Data were analyzed as 
two-way ANOVA, using the PROC GLM procedure of SAS (1990). Analysis of variance 
was used with the main effects of diet, frame, and diet versus frame. T-tests were used to 
compare dietary and frame size treatments for significance. Data were considered 
statistically significant at P<.05. In addition, contrasts were formulated to determine P values 
among treatments. 
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For leptin and insulin variables, increases in plasma concentration values over time 
were compared. The ratio between initial (day zero) and final (day 196) plasma 
concentrations were computed as log (yg/yj. The ratios were analyzed as two-way 
ANOVA, using the PROC GLM procedure of SAS (1990). Analysis of variance was used 
with the main effects of diet, frame, and diet versus frame. T-tests were used to compare 
treatments for significance, and data were considered statistically significant at P<.05. 
Observed and predicted individual dry matter intake among all animals or among 
animals within treatments were compared using the PROC GLM procedure of SAS ( 1990). 
T-test and contrasts were used to compare observed and predicted values for significance, 
and data were considered statistically significant at P<.05. 
Correlation analyses among several variables were performed to examine if an increase 
in a variable over time was associated with an increase in another variable. The analyses 
were focused on the correlation between two variables within an animal over time. The 
correlations were calculated for each animal separately, based on seven observations for each 
animal. The steers were the observational units used to test if a correlation was significantly 
different from zero. Average correlation coefficients, averaging over steers, and p-values for 
the test of correlation equals zero were reported. The test was performed by calculating the 
correlation for each steer, and transforming it to normality using the Fisher's z transform. 
The z-values were averaged and transformed back to determine the mean correlation 
coefficient. One-sample t-test of the z-values was performed to test if correlation was 
significantly different from zero. 
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RESULTS AND DISCUSSION 
Digestibility Experiment 
The nutrient concentrations in the diets are shown in Table 2. Data showed in Table 2 
are based on analysis of ingredients. The alfalfa hay used in the digestibility and feedlot 
experiments contained: 13.1% CP, 52.0% NDF, 42.5% ADF, and 93.4% OM as percentage 
of DM. The effects of dietary treatments on digestibility are shown in Table 3. Dry matter 
and organic matter digestibility were significantly different among treatments (P<.05). The 
digestion results were those expected and in agreement with Reed et al. (1997), who 
indicated that concentrate-based diets are more digestible than roughage-based diets. The 
results on DMD and OMD showed a small negative associative effect on digestion for the 2.7 
Mcal/kg diet when compared with the other two diets. Diets containing similar amount of 
forage and concentrate usually show a decrease on digestibility. 0rskov and Ryle (1990) 
Table 2. Nutrient composition of diets. 
Diets (Meal of ME/kg of DM) 
Variable 2.4 2.7 3.0 
Dry Matter % 90.2 90.4 90.8 
Nutrient as % DM 
Organic Matter 96.1 96.3 96.6 
Crude Protein 12.2 13.9 14.0 
Neutral Detergent Fiber 36.4 24.1 12.8 
Acid Detergent Fiber 28.5 17.5 7.5 
Non-Fiber Carbohydrate 45.7 55.9 67.0 
Fat 1.8 2.4 2.8 
% Concentrate 35 62 86 
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and Summer (1997) suggested that when roughage is added to grain-based diets, there is an 
increase in saliva, rumination, and rumen contractions. Then, there is an increase in pressure 
in the liquid fraction, so that liquid fraction and small particles leave the rumen more rapidly 
and substantial quantities of starch can be excreted in the feces. NFC digestion was 
significantly higher (P<.05) for the higher energy level (3.0 Mcal/kg) than the other two 
levels, despite its higher NFC content. Feeding high concentrate (readily available 
carbohydrates) diets increases microbial growth in the rumen, primarily amylolytic bacteria 
(Roffler and Salter, 1975). Similar results were found for crude protein digestion. This is in 
agreement with Russell et al. (1983), who reported that animals fed high concentrate diets 
have higher rumen microbial growth and protein utilization. According to NRC (1996), 
carbohydrate digestion in the rumen is the most important predictor of microbial protein 
synthesis. Diets with higher fiber concentration had lower ADF and NDF digestibility than 
diets with low fiber content. Fiber is the diet component that primarily limits apparent 
digestibility of ruminant diets. 
Table 3. Effects of dietary treatments on apparent total tract digestibility. 
Diets (Meal of ME/kg) 
2.4 2.7 3.0 SE* 
Apparent Total Tract Digestion, % 
Dry Matter 66.03e 69.45" 79.26' 0.86 
Organic Matter 67.10e 70.76" 81.19' 0.82 
Non-Fiber Carbohydrate 81.06" 78.38" 86.64' 1.08 
Neutral Detergent Fiber 50.25" 53.81'" 56.11' 1.78 
Acid Detergent Fiber 50.55" 51.75" 55.55' 1.13 
Crude Protein 66.10e 70.15" 74.90' 0.91 




' Means within rows with different superscripts differ (P<.05). 
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Effects of diet on dry matter intake of small and large frame steers are shown in Figure 
5 and Figure 6, respectively, and also in Table B.l (Appendix B). Dry matter intake was not 
significantly different (P>.05) due to frame size in any of the feeding periods or the average 
intake during the whole experiment. The results in ADG and FT (see below) suggested that 
steers were accurately divided in small and large frame sizes. Both frame size groups had 
same ADG and small frame steers, although had lighter initial weights, had greater FT at end 
of the experiment. This response confirmed that the steers were divided by frame size 
instead by maturity. Dietary treatments affected significantly (P<.05) dry matter intake for 
the majority of the periods. Steers fed diets with 2.4 or 2.7 Meal of ME/kg DM had 
significantly (P<.05) higher DMI at day 28, 140, 168, and 196, and the average of the whole 
trial when compared with the 3.0 Mcal/kg diet. This response is in agreement with findings 
from Gill et al. (1981), Bartle et al. (1994), Zinn and Plascencia (1996), DiCostanzo et al. 
(1997), and Trenkle (1998), indicating that increasing the roughage level in high-grain diets 
of ruminants increases intake. During the first 28 days, cattle fed the 3.0 Mcal/kg diet had 
lower (P<.05) feed intake than the other two treatments. This lower DMI may be the result 
of adaptation of steers being fed a diet with higher concentrate level, because they were fed a 
diet with a 50-50% F:C before the beginning of the experiment. After the first 28 days, DMI 
was similar for all treatments until day 112. During this period (day 28-112), it seems that 
feed intake for diets 2.7 and 3.0 Mcal/kg were regulated by meeting the energy requirement 
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Figure 5. Effects of dietary treatment on dry matter intake for small frame steers. ab' Main 
effects of diet differ (P<.05) across frame sizes. 
Conrad (1966) suggested that the maximum DMI controlled by physical fill would be 
with diets having 67% apparent digestibility. The 2.4 Mcal/kg diet was near this limit (66% 
apparent dry matter digestibility), so DMI could be either regulated by physical factors or 
metabolic factors. The average ME intake for the 2.4 Mcal/kg diet was significantly lower 
(P<.05) during days 56 and 84 than the other diets, which suggested that feed intake was 
regulated by physical fill during these periods. After day 112, DMI started decreasing 
significantly (P<.05) for the steers fed the high-energy diet, mainly for the small frame steers. 
This reduction may be caused by lipostatic factors because steers given this treatment are 
depositing more body fat than are the other treatments. After day 112, steers fed all three 
diets had their feed intake regulated by metabolic factors. Although there was a difference in 
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Figure 6. Effects of dietary treatment on dry matter intake for large frame steers. a,bl Main 
effects of diet differ (P<.05) across frame sizes. 
among the treatments from day 112 to day 168. This response is in agreement with 
Montgomery and Baumgardt (1965), who observed in their study that increasing energy 
density of the diet caused a reduction in feed intake but energy intake was similar at all 
energy concentrations. There were significant (P<.05) differences in energy intake on day 56 
(3.0 Mcal/kg higher than 2.4 Mcal/kg), day 84 (3.0 and 2.7 Mcal/kg higher than 2.4 
Mcal/kg), and day 196 (2.7 Mcal/kg higher than 3.0 Mcal/kg). The differences on ME intake 
on day 56 and 84 were probably due to physical limitation from rumen fill of steers feed the 
2.4 Mcal/kg diet. The average ME daily intakes in this study were not significantly different 
(P>.05), and there was no difference due to animal frame size. Trenkle (1998) suggested that 
steers fed lower energy diets consumed more feed, when rumen fill is not limiting feed intake 
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Figure 7. Average metabolizable energy intake during the experiment. a,bl Main effects of 
diet differ (P<.05). 
Figure 7 and Table B.3 (Appendix B). The average dry matter intake of all steers 
independent of treatments is shown in Figure 8. 
Effects of diet on dry matter intake as percentage of body weight of small and large 
frame steers are shown in Figure 9 and Figure 10, respectively, and also in Table B.2 
(Appendix B). Dry matter intake was not significantly different (P>.05) due to frame size in 
any of the feeding periods or the average of the whole trial. Steers fed 2.4 or 2.7 Mcal/kg 
diets had statistically (P<.05) higher DMI as % of BW at day 28, 112,140, 168, 196, and for 
the average of the whole trial when compared with the 3.0 Mcal/kg. There was no significant 
difference (P>.05) between 2.4 and 2.7 Mcal/kg treatments, and there was no significant 
















28 140 168 196 56 84 112 
Average Days on Feed 








Diet 2.4 Mcal/kg 
Diet 2.7 Mcal/kg 
Diet 3.0 Mcal/kg 
1.25 
28 56 84 140 168 196 
Days on Feed 
Figure 9. Effects of dietary treatment on DMI as % of BW for small frame steers. a,b* Main 
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Figure 10. Effects of dietary treatment on DMI as % of BW for large frame steers. l b' Main 
effects of diet differ (P<.05) across frame sizes. 
Evaluating dry matter intake as a percentage of BW showed similar results to those 
obtained when evaluating DMI in kg. DMI as % of BW increased almost linearly with 
increasing days on feed until day 84 for the 3.0 Mcal/kg diet, but it started decreasing after 
that. This reduction in DMI as % of BW after day 84 may be explained by the lipostatic 
theory. The lipostatic theory (Kennedy, 1953) suggests that ruminants decrease their feed 
intake relative to body weight with increasing body fat concentration and days on feed (Fox 
et al., 1988). The average dry matter intake as % of body weight for all steers independent of 
treatments is shown in Figure 11. When evaluating DMI for all steers independent of 
treatments, there was a linear increase on DMI with increasing days on feed. However, when 
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Figure 11. Average DMI (as % of BW) for all steers independently of treatments. 
for the rest of the study (compare Figure 8 and 11). These results are in agreement with Song 
and Dinkei (1978), Owens and Gill (1982), Fox and Black (1984), and Plegge et al. (1984), 
that suggested that feed intake per unit of weight is reduced by increasing degree of maturity 
and fatness. 
Average Daily Gain 
Effects of diet on average daily gain of small and large frame steers are shown in 
Figure 12 and Figure 13, respectively, and also in Table B.4 (Appendix B). The average 
weights of steers are shown in Table B.ll (Appendix B). ADG was not significantly 
different (P>.05) due to frame size. Average daily gain for the trial was the same for both 
frame sizes (ADG = 1.03 kg/day). There was no significant difference (P>.05) on ADG 
among dietary treatments on days 28-140, but the diet with 2.7 Mcal/kg had lower (P<.05) 
ADG than diet 3.0 Mcal/kg during the last two feeding periods and than 2.4 Mcal/kg during 
the last feeding period. The animals consuming the 2.7 Mcal/kg diet experienced some 
degree of bloat during the experiment, and may have had a negative effect on ADG. In 
addition, steers consuming the 2.7 Mcal/kg diet tended to have higher (P=.06 when compared 
with 3.0 Mcal/kg diet) ME consumption than the other two treatments during the late phase 
of experiment, so it could be contributed to cause bloating. Steers fed diet 3.0 Mcal/kg had 
significantly (P<.05) higher average ADG for the whole trial than with those fed diet 2.7 
Mcal/kg (1.14 vs. 0.92 kg/d). There was no statistical (P>.05) difference in ADG between 
3.0 and 2.4 Mcal/kg diets (1.14 vs. 1.02 kg/d) or 2.4 and 2.7 Mcal/kg diets (1.02 vs. 0.92 
kg/d). The results were similar to those reported by Gill et al. (1981), Dahlquist and Mader 
(1993), Zinn and Plascencia (1996), DiCostanzo et al. (1997), and Trenkle (1998). They 
indicated that roughage level did not affect ADG if feed intake is increased to compensate 
the lower energy density. Average daily gain for all animals is shown in Figure 14. 
Feed Efficiency 
Effects of diet or frame size on feed efficiency of steers are shown in Table B.4 
(Appendix B). Effects of frame size on feed efficiency (kg of feed/kg of gain) were not 
significantly different (P>.05). The steers fed the 3.0 Mcal/kg diet were significantly 
(P<.002) more efficient than those fed diet 2.7 Mcal/kg, and they tended (P<.06) to be more 
efficient than those fed diet 2.4 Mcal/kg during the experiment. There was no statistical 
(P>.05) difference of feed efficiency between steers fed diets 2.4 and 2.7 Mcal/kg. There 
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Figure 12. Effects of dietary treatment on average daily gain of small frame steers. a b" Main 
effects of diet differ (P<.05) across frame sizes. 
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Figure 13. Effects of dietary treatment on average daily gain of large frame steers. a b" Main 
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Figure 14. Average daily gain for all steers independently of treatments. 
Fat Thickness 
Effects of diet on fat thickness of small and large frame steers are shown in Figure 15 
and Figure 16, respectively, and also in Table B.5 (Appendix B). There was no significant 
difference (P>.05) in fat thickness due to frame size, although there were consistently higher 
numerical values for small frame than large frame steers from day 84 to the end of 
experiment. Small frame cattle usually tend to accumulate more backfat than large frame. 
Thonney et al. (1981) suggested that large frame cattle gain more muscle and less fat per unit 
of gain than small frame cattle. There was no significant difference in fat thickness due to 
dietary treatment between days 28-84. However, steers fed the 3.0 Mcal/kg diet had 
significantly greater (P<.05) fat thickness than those fed the 2.4 Mcal/kg diet from day 112 to 
day 168. These results are similar to those reported by Guenther et al. (1965) and Oltjen et 
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al. (1971). Guenther et al. (1965) reported that cattle fed on a higher plane of nutrition had 
increased carcass fat when slaughtered at the same live weight and that the rate of external fat 
deposition increased during the latter part of finishing period. Oltjen et al. ( 1971) observed 
that steers fed all forage diet had lesser backfat than did steers fed an all concentrate diet 
when slaughtered at equal live weight. There were no significant differences between 2.4 
and 2.7 Mcal/kg diets or 2.7 and 3.0 Mcal/kg diets on fat thickness measurements. However, 
the steers fed diets with higher energy concentration (3.0 Mcal/kg) showed consistently an 
higher value of fat thickness measurements than did those fed the two lower energy 
concentration diets during the trial. Woody et al. (1983) found similar results when cattle fed 
higher grain diets were fatter. Cattle fed roughage gain more muscle and less fat per unit of 
gain than do cattle fed high-grain diet. There was no significant (P>.05) interaction between 
frame and diet for fat thickness in this experiment. Average fat thickness for all animals in 
the feedlot experiment is shown in Figure 17. 
Longissimus Muscle Area 
Effect of diet on longissimus muscle area of small and large frame steers are shown in 
Figure 18 and Figure 19, respectively, and also in Table B.6 (Appendix B). There was no 
significant difference (P>.05) on LMA because of frame size. Steers fed the high-energy diet 
(3.0 Mcal/kg) had significantly greater LMA (P<.05) than those fed the 2.4 Mcal/kg diet at 
28, 84, 112, 168, and 196 days, and greater LMA (P<.05) than did those fed the 2.7 Mcal/kg 
diet at 168 and 196 days. Guenther et al. (1965) found that steers fed diets higher in energy 
density had greater LMA than those fed lower energy density diets. There was no significant 
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Figure 15. Effects of dietary treatment on fat thickness of small frame steers. a'b> Main 
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Figure 16. Effects of dietary treatment on fat thickness of large frame steers. ^ Main 









84 112 28 56 140 168 196 
Days on Feed 
Figure 17. Average fat thickness measurements for all steers independently of treatments. 
There was no significant (P>.05) interaction between frame size and diet on LMA 
measurements. Average LMA measurements for all animals in the feedlot are shown in 
Figure 20. 
Average daily gain was very similar between steers fed the 2.4 and 3.0 Mcal/kg during 
the late phase of the feeding period (after day 84). However, fat thickness and logissimus 
muscle area measurements were significant higher for steers fed the 3.0 Mcal/kg than for 
those fed the 2.4 Mcal/kg diet at the same period (Appendix B). Therefore, the results 
indicated that composition of gain was different between steers fed those two diets. Steers 
fed higher energy density diet deposited more backfat and had larger longissimus muscle 
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Figure 18. Effects of dietary treatment on LMA of small frame steers. a'b' Main 
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Figure 19. Effects of dietary treatment on LMA of large frame steers. a,b* Main 
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Figure 20. Average LMA measurements for all steers independently of treatments. 
Plasma Leptin 
Effects of diet on plasma leptin concentration of small and large frame steers are shown 
in Figure 21 and Figure 22, respectively, and also in Table B.7 (Appendix B). There was no 
significant (P>.05) effect of frame size on leptin concentration. However, there was 
significant (P<.05) effect of diet on plasma leptin concentration. The steers fed 2.7 or 3.0 
Mcal/kg diets had higher (P<.05) leptin concentration than did those fed 2.4 Mcal/kg from 
day 84 to day 168. Steers fed the 3.0 Mcal/kg diet had significantly (P<.05) higher plasma 
concentrations than did those fed the other two diets on day 196. Steers fed the 3.0 Mcal/kg 
diet had significantly higher (P<.05) FT than did those fed 2.4 Mcal/kg diet, and those fed 
2.7 Mcal/kg diet tended to have higher FT than did those fed 2.4 Mcal/kg during most of the 
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periods after day 84. These results are in agreement with other studies that suggested that 
plasma leptin concentration is dependent primarily on the status of adipose tissue mass 
(Ahima et al., 2000; Cameron et al., 2000; Considine, 2001). Chilliard et al. (2001) reported 
that plasma leptin concentration in ruminants is related primarily to degree of body fat and 
secondarily to feeding level. These differences in concentrations of plasma leptin in this 
study may be attributed rather to degree of fatness than nutritional status, because the energy 
intake was similar among treatments during the most of feeding periods after day 84. 
Delavaud et al. (2000) observed a positive correlation between body fat and plasma leptin 
concentration in sheep. Ehrhardt et al. (2000) examined plasma leptin concentration of sheep 
fed diets containing 2.8 or 2.1-2.2 Meal of ME/kg of DM. Plasma leptin was higher for those 
fed the 2.8 Mcal/kg diet than the 2.1-2.2 Mcal/kg diet (10.3 vs. 6.9 ng/mL; P<.001) at end of 
trial. In this trial, plasma leptin concentrations were 10.2, 7.7, and 6.8 ng/mL at end of 
feeding period (day 196) for 3.0, 2.7, and 2.4 Mcal/kg diets, respectively. After day 56, 
small frame steers fed the 3.0 Mcal/kg diet usually had higher plasma leptin concentration 
than those fed the other treatment combinations until the end of the experiment. There was a 
significant interaction (P<.05) between frame size and diet on leptin concentration for days 
168 and 196. Average plasma leptin concentration over days on feed is shown in Figure 23. 
Concentrations of blood hormones usually have large variation among animals, because 
individuals have different biological and physiological characteristics. Therefore, plasma 
leptin concentration was also analyzed as ratio of increase over time. The effects of diet or 
frame size on plasma leptin concentration ratio of increase over time are shown in Table B.9 
(Appendix B). There was no significant difference (P=.13) between frame sizes on leptin 
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Figure 21. Effects of dietary treatment on plasma leptin concentration of small frame steers. 
a b
' Main effects of diet differ (P<.05) across frame sizes. 
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Figure 22. Effects of dietary treatment on plasma leptin concentration of large frame steers. 
a b
" Main effects of diet differ (P<.05) across frame sizes. 
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Figure 23. Average plasma leptin concentration for all steers independently of treatments. 
increase in leptin concentration over the 196-day period than those fed the 2.4 Mcal/kg diet. 
There was a significant interaction (P<.05) between frame size and diet on leptin 
concentration, the small frame steers fed the 3.0 Mcal/kg diet had the highest ratio of 
increase in plasma leptin concentration over time. This observation is in agreement with 
other studies that suggested that circulating plasma leptin concentration is dependent of 
degree of fatness and feeding level. The small frame steers fed the 3.0 Meal of ME/kg DM 
diet were the group that tended to have the greatest fat thickness from day 84 to day 196 
among the treatment combinations. 
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Plasma Insulin 
Effects of diet on plasma insulin concentration of small and large frame steers are 
shown in Figure 24 and Figure 25, respectively, and also in Table B.8 (Appendix B). There 
was no significant difference (P>.05) in plasma insulin concentration due to frame size 
except for days 112 and 140. At those times, small frame steers had higher (P<.05) plasma 
insulin concentrations than did large frame steers. However, plasma insulin concentrations 
were higher for small frame than for large frame steers from day 56 to day 196 and probably 
were not statistically different because of great variability among animals. These findings 
may be explained by a greater fat deposition in small frame steers than in large frame steers. 
According to NRC (1987), plasma insulin concentration increases with increasing 
concentration of body fat in cattle. There were no significant differences (P>.05) in plasma 
insulin concentration due to dietary treatments and also no significant interaction (P>.05) 
between frame size and diet for insulin concentration. These findings are different from 
those observed by Thorp et al. (2000), who observed that insulin concentrations were 
increased when energy density of the diet fed to cattle was increased. These differences 
between studies may be related to the similar energy intake during most of feeding periods in 
this study. The energy densities of the diets were different, but energy consumption was not 
different for the most the feeding periods. Average plasma insulin concentration for all 
animals over days on feed is shown in Figure 26. 
Plasma insulin concentrations were also analyzed as a ratio of increase over time, as 
described previously. The effects of diet or frame size on plasma insulin concentration ratio 
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Figure 24. Effects of dietary treatment on plasma insulin concentration of small frame steers. 
have two fold higher ratio of increase in plasma insulin concentration than large frame steers, 
there was no significant difference on insulin concentration due to frame size (P=.16). There 
was also no significant difference due to dietary treatments (P>.60) and no significant 
interaction between frame and diet (P=.78). 
Average of plasma insulin and plasma leptin concentrations for all steers over days on 
feed are shown in Figure 27. According to Woods and See ley (2001), insulin and leptin have 
many similar responses to biological stimuli. They both respond to adiposity signals to 
control feed intake as cattle increased their degree of fatness. In this study, plasma 
concentrations of leptin and insulin had similar increases as the cattle progressed into the 
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Figure 25. Effects of dietary treatment on insulin concentration of large frame steers. 
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Figure 27. Average plasma insulin and leptin concentrations over days on feed. 
concentration had a quicker response to feeding intake than did leptin concentration. 
Concentration of plasma insulin had a large change during the first feeding periods while 
concentration of plasma leptin only had a large change after 56 days on feed. These 
responses indicated that insulin concentration may be primarily affected by feeding status 
and leptin concentration may be primarily affected by degree of fatness. 
Observed versus Predicted DMI 
Averages of predicted and observed DMI of steers for the whole trial were compared 
by using T-test and contrasts. The equations of Perry and Fox (1997) used to determine 
predicted individual DMI are shown in Appendix A. Individual averages of predicted and 
Insulin (ulU/mL) j 
Leptin (ng/mL) ! 
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observed individual DMI of steers are shown in Table B.10 (Appendix B), and the 
relationship between predicted and observed DMI is shown in Figure C.10 (Appendix C). 
There was no significant difference (P=.31) between observed and predicted DMI, when the 
data were analyzed as one group (independent of treatments). The averages were 9.09 and 
9.55 kg of DMI for predicted and observed, respectively. The 5% LSD was 0.90 and SEM 
was 0.32. When the steers were divided in three groups by dietary treatments, there were no 
significant differences between observed and predicted DMI for the 2.4 (P=.25) and 3.0 
(P=.40) Mcal/kg diets. However, there was significant difference (P=.008) for the 2.7 
Mcal/kg diet. For the 2.7 Mcal/kg dietary treatment, the averages were 10.04 and 8.20 kg for 
observed and predicted DMI, respectively. It seems that the steers fed this diet did not have 
the expected ADO relative to the observed DMI. Therefore, the predicted DMI, which is 
estimated from gain, was lower than the observed DMI. This difference may be explained by 
digestive disorders of the steers fed this diet. When the steers were divided into two groups 
by frame size, there were no significant differences between observed and predicted DMI for 
small (P=.24) and large (P=.65) frame steers. 
The objective of the model of Perry and Fox (1997) was to provide a method for 
allocating feed to individuals fed in a group and to compute cost of gain in marketing 
programs based on individual animal management. This model considers differences that 
affect animal requirements such as breed type, body size, stage, and rate of growth. Perry 
and Fox (1997) stated that "there was a lack of a system of sorting cattle into optimal feeding 
and marketing groups, which requires arranging cattle from different owners in a pen and 
marketing them as individuals." The model was designed to predict individual feed required 
for the observed shrunk body weight and average daily gain of growing cattle when fed in 
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groups. The equations of Perry and Fox (1997) were adequate for predicting individual dry 
matter intake of steers in a pen. This model allows comparing required DMI and actual DMI 
for a pen of animals or an individual animal. Cattle fed in a pen usually have large 
differences in individual feed intake, and these large differences were observed in this study. 
It was noticed that a few steers had a greater difference between predicted and observed 
individual feed intake values than majority of steers in the pen (Table B.10 in Appendix B). 
The majority of outliers were steers fed the 2.7 Mcal/kg diet, and predicted DMI was lower 
than observed DMI for this particular group of steers. These steers experienced digestive 
disorders, which compromised their gain during the late phase of the feeding period. Perry 
and Fox (1997) equations predict feed intake from the energy requirement for gain and 
maintenance, and therefore, for those steers intake was underestimated due to lower gain. 
Correlations 
Correlation coefficients (r) were calculated to determine if an increase in a variable 
over time was associated with an increase in another variable in the steers of this study. 
P-values were also determined to test if the correlation was significantly different from zero. 
The correlation coefficients and the p-values are shown in Table 5, and relationships between 
variables are shown in Appendix C. 
Snedecor and Cochran (1967) reported that correlation coefficient is a measure of 
mutual relationship between two variables. They indicated that perfect correlation (r = 1) 
rarely occurs in biological data. In this study, the results confirmed the hypothesis that 
concentration of plasma leptin and insulin increase over time with increasing fat thickness. 
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Table 5. Correlation coefficient and p-values among variables. 
Variable Variable Avg. r3 p-values 
Fat Thickness Leptin 0.33 <0001 
Fat Thickness Insulin 0.22 <.0001 
Fat Thickness DMI, kg 0.33 <.0001 
Fat Thickness DMI, %b 0.11 0.2146 
DMI, kg Leptin 0.30 <.0001 
DMI, %b Leptin 0.13 0.0603 
DMI, kg Insulin 0.17 0.0006 
DMI, %b Insulin 0.04 0.5894 
Leptin Insulin 0.22 <0001 
a
' Average correlation among individual steers. 
b* DMI as % of body weight. 
There was positive and significant correlation between plasma concentration of leptin and fat 
thickness, and between plasma concentration of insulin and fat thickness (Table 5, Figure C.l 
and Figure C.2 in Appendix C). These correlations are in agreement with McFadin et al. 
(2002), who reported that plasma concentration of leptin and fat thickness are significantly 
correlated (r =0.34, P=.001). There was a positive correlation between dry matter intake and 
leptin and insulin concentrations (Table 5, Figure C.3 and Figure C.4 in Appendix C). 
However, increasing concentrations of leptin and insulin over time were probably the result 
of increasing fat accretion rather than of increased DMI. Cameron et al. (2000) observed in 
pigs that leptin concentrations were more positively correlated with fat deposition than to 
feed intake. Delavaud et al. (2000) and Chilliard et al. (2001) reported that changes in 
plasma leptin concentration in ruminants is primarily the result of body adipose reserves and 
secondarily of feed intake. The effect of nutritional status or feed intake on plasma leptin 
and insulin concentrations could be limited, because steers fed the three diets in this study did 
not have major differences in energy intake. The correlation between leptin or insulin 
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concentrations and DMI, as % of body weight, was not significantly (P>.05) different from 
zero (Table 5). It is concluded that leptin and insulin concentrations increased over time 
primarily due to an increase of degree of fatness. Baskin et al. (1999) reported that changes 
in body fat reserves cause plasma leptin and insulin to be changed, and the brain responds to 
changes in plasma concentrations of hormones by adjusting feed intake. A reduction in feed 
intake when expressed as kg/day is not apparent when the animals are increasing their body 
weight. Dry matter intake expressed as kg/day had a linear relationship with shrunk body 
weight (Figure C.5 in Appendix C). However, a reduction in intake is more evident over 
time, when DMI is expressed as % of body weight (compare Figure 8 and 11). 
Correlation between FT and DMI, as a percentage of body weight, was not significant 
(P>.05), whereas FT and DMI in kg/d were positively and significantly correlated (P<.0001) 
(Table 5, Figure C.6 and Figure C.8 in Appendix C). Dry matter intake, as % of body 
weight, was increased linearly (positively correlated with fat thickness) until day 112 and 
started decreasing (negatively or not correlated with fat thickness depending on dietary 
treatment) after that day. Fox et al. (1988) suggested a dry matter intake reduction of 2.7% 
for each 1% increase in body fat when the cattle have a body fat percentage between 21.3 and 
31.5%. The results found in this study are in agreement with Owens and Gill (1982), Fox 
and Black (1984), and Plegge et al. (1984), who reported that DMI per unit of metabolic 
weight is reduced as the cattle progressively become fatter in the feedlot. The relationships 
shown in Figure C.7 and Figure C.9 (Appendix C) showed a higher negative effect on dry 
matter intake to those steers fed the high-energy density diet, particularly on dry matter 
intake expressed as percentage of body weight. There was positive and significant (Pc.0001) 
correlation between leptin and insulin plasma concentrations (Table 5). Block et al. (2000) 
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and Block et al. (2001) observed a positive correlation between plasma insulin and leptin 
concentrations in dairy cows. According to Woods and Seeley (2001), insulin and leptin have 
many similar responses to biological stimuli (Figure 27). They both respond to adiposity 




In this experiment, frame size did not affect dry matter intake, average daily gain, and 
feed efficiency. Energy density of diets affected feed intake, and the steers fed the lower 
energy density diets had greater feed intake than those fed the highest energy density diet, 
particularly during the later phases of the feeding period. A reduction in DMI was observed 
in the steers fed the highest energy density diet after 112 days, and when DMI was expressed 
as a percentage of body weight, a reduction was observed after 84 days. Average daily gain 
was not affected by dietary treatments for most of the trial. These results indicated that cattle 
fed the lower energy density diets consumed more feed, but they were less efficient. The 
metabolizable energy intake was similar among treatments during the majority of the feeding 
period. In general, the results found are in agreement with many other studies, which 
reported that cattle fed diets higher in forage consume more feed, have similar gain, and are 
less efficient than cattle fed diets higher in concentrates. 
Fat thickness was greater for steers fed the diets containing higher energy density than 
for those fed diets with lower energy density particularly in small frame size steers after 84 
days of feeding. These results are in agreement with many other studies, and they indicated 
that energy density affects composition of gain and consequently carcass composition. 
Although gain was similar between steers fed differently, the composition of gain was not. 
Steers fed the higher energy density diet deposited more fat and had larger longissimus 
muscle than those fed the lower energy density diet. 
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Leptin seemed to respond more to adiposity signals than to nutritional status. Plasma 
leptin concentrations were greater for small frame steers fed the highest energy density diet 
than the other steers during the late phase of the feeding period. These steers had the greatest 
fat thickness. Although feed intake was different, energy intake was similar among dietary 
treatments during the second half of the study (after day 84). From measurements of fat 
thickness and leptin after 84 days of feeding, it could be concluded that adiposity signals 
stimulated an increase on leptin concentration. The increased leptin concentration responds 
by controlling feed intake. The lipostatic theory suggests that ruminants decrease feed intake 
with increasing degree of fatness by raising circulating leptin. A decrease in feed intake for 
some of the treatments around day 84-112 was associated with a decrease in leptin and 
insulin concentrations during a short period at that time. It seems that reduction in feed 
intake caused a change in hormone concentrations even though fat thickness was increasing. 
Leptin and insulin concentrations began to increase again at the next 28-day period. 
Concentrations of insulin in plasma were quite variable among steers. Small frame 
steers had higher insulin concentrations and a greater ratio of increase than did large frame 
steers. Dietary treatments did not affect plasma insulin concentrations. Energy intake of 
steers fed the three diets were similar, so dietary treatment effects on concentration of plasma 
insulin could have been inhibited by energy intake. The results of this study and other 
studies (Delavaud et al., 2000; Chilliard et al., 2001) indicated that leptin is more correlated 
to degree of fatness than to nutritional status in ruminants. Thorp et al. (2000) observed that 
insulin concentration was increased with increasing energy intake and with increasing degree 
of fatness. Insulin concentrations were increased with increasing days on feed and degree of 
fatness in this study. However, differences among dietary treatments were not significant. 
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The results also indicated that insulin concentration had a quicker response to feed intake 
than did leptin concentration. These responses indicated that insulin concentration might be 
more greatly affected by feeding status than did leptin concentration. There are a few 
questions that need to be answered such as: Does plasma insulin concentration respond 
primarily to nutritional status or degree of fatness? If insulin concentration and ME intake 
were not different among dietary treatments during the most of the feeding trial, why was the 
composition of gain different? 
The equations of Perry and Fox (1997) were found to be adequate for predicting 
individual DMI of steers in a pen. There was no significant difference between observed and 
predicted DMI among steers when they were evaluated as only one pen or divided by frame. 
No differences were found on observed and predicted DMI for steers fed the 2.4 and 3.0 
Mcal/kg diets. The difference between observed and predicted DMI for steers fed the 2.7 
Meal /kg diet was due to the occurrence of bloat. The steers fed the 2.7 Mcal/kg diet had the 
highest ME intake during the later phase of the feeding period, which might have caused the 
bloat, but the lowest ADO. The bloat inhibited daily gain of steers during the late phase of 
the feeding period. Therefore, predicted DMI was lower than observed DMI. This model 
allows comparing required DMI and actual DMI for a pen of animals or for an individual 
animal. 
Correlations were determined to evaluate if an increase in a variable was associated 
with an increase in another variable as the steers progressed into the feeding period. The 
results indicated that concentration of plasma leptin and insulin increased with increasing fat 
thickness. There were positive and significant correlations among these three variables. 
There were also positive and significant correlations between dry matter intake and 
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concentrations of insulin and leptin in plasma. There was a positive correlation between fat 
thickness and DMI, expressed as percentage of body weight, until day 112, and a negative 
correlation (or no correlation depending on dietary treatment) between these two variables 
after day 112 (Figure C.7 in Appendix C). 
Implications 
The experiment demonstrated that the physical constraint theory, metabolic constraint 
theory, and lipostatic theory are all involved in the regulation of feed intake of beef cattle. 
The first two theories have been studied and tested for many years, so their mechanisms are 
very well understood. The physical and metabolic constraints work together regulating feed 
intake to allow cattle to consume feed to maximize performance, but they do not act alone to 
regulate feed intake. 
The lipostatic theory proposed by Kennedy in 1953 has been object of many studies 
during recent years after the discovery of hormone leptin by Zhang et al. (1994). The 
lipostatic regulation of feed intake during the later phase of fattening seems to be more 
involved in regulation of feed intake than physical or metabolic constraints. The results 
indicated that as cattle progressed into the feeding period and became fatter, a biological 
stimulus increased plasma leptin and insulin concentrations. The brain responds to increases 
in the concentrations of leptin and insulin in plasma by adjusting feed intake. The results of 
this study suggested that the lipostatic regulation of feed intake starts when steers, 
particularly those fed the higher energy density diet, reach a certain degree of fatness, around 
day 84 in this study. Many studies have demonstrated that plasma leptin concentration is 
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primarily dependent on degree of fatness and secondarily to feeding level. More studies are 
needed to evaluate if insulin is primarily correlated to degree of fatness or feeding level. 
Dietary energy density has a direct effect on feed intake by either meeting or not 
meeting the energy requirement of animal (metabolic or physical constraint regulation), and 
an indirect effect on feed intake by affecting body composition of animal (lipostatic 
regulation). Feed intake is reduced when cattle become fatter, and fat deposition usually has 
a higher energy requirement than lean deposition. If energy requirement is increased and 
intake is decreased when cattle become fatter, it seems that lipostatic effects overcome the 
metabolic constraints during the late phase of the feeding period. More studies are needed to 
evaluate the relationship among the three feed intake regulation theories, particularly 
between metabolic and lipostatic theories during the late phase of feeding period. 
Dietary energy density also affects composition of gain. Cattle fed high-concentrate 
diets get fatter earlier than cattle fed high-forage diets when cattle are fed to similar live 
weight. However, when cattle fed high-forage diets are fed longer, they can reach similar 
carcass fat as cattle fed high-concentrate diets. In this study, the three dietary treatments did 
not have large differences among them in energy density. If dietary treatments with larger 
ranges had been fed such as feeding low quality forage or all concentrate diets, the 
differences between treatments might have been more significant. More studies are needed 
to evaluate effects on feed intake by feeding diets with other forage concentrate ratios and 
also to determine the range of forage concentrate ratio that do not cause negative effects on 
diet digestibility. 
Perry and Fox (1997) equations were found to be an adequate model for evaluating feed 
intake of cattle on individual basis. However, there is a need for more complex models to 
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predict feed intake of cattle that account for physiological aspects affecting feed intake in 
addition to energy density of diet, digestibility of diet, breed, environment, and management 
factors. Body composition has a major role in feed intake, and it needs to be given major 
consideration when predicting feed intake. There is no single equation to predict feed intake 
that applies to all production situations and many factors regulating feed intake by ruminants 
are not completely understood yet. This study allows a better understanding of many aspects 
influencing and regulating feed intake of ruminants. 
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APPENDIX A. EQUATIONS BY PERRY AND FOX (1997) 
1) SBW (kg) = Full BW * 0.96 
2) EBW (kg) = 0.891 * SBW {for all stages of growth; based on NRC, 1984} 
3) CW (kg) = (EBW - 32.29) / 1.316 {from Garret et al., 1978} 
4) EBF % = [((0.351 * EBW) + (21.6 * YG) - 80.8) / EBW] * 100 
5) YG = 4.38 + 0.991FT - 0.2LMA + 0.000639EQSBW {EQSBW = EQSWJ 
6) AFBW = (EBW + [(28 - EBF%) * 19]) / 0.891 {from Tylutki et al., 1994} 
7) EQSBW = SBW (467 / AFBW) 
8) CF % = - 4.93 + (0.781 * FT) + (0.0935 * EQSBW) - (0.000045 * EQSBW2) 
9) EQEBW = EQSBW * 0.891 /from NRC, 1984} 
10) A YEW = (Final SBW + Initial SBW) / 2 
11) EBG = 0.956 *ADG 
12) RE = 0.0635 * EQEBW 75 * EBG1097 
13) FFG = RE / diet NEg 
14) FFM = 0.077AVEW75 / diet NEm 
15) Individual daily DM required (kg) = FFM + FFG 
16) Pen DM required = Sum of individual DM required 
17) Adjusted individual DM required = Individual DM required * (actual pen DMI / pen 
DM required) 
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APPENDIX B. ADDITIONAL TABLES 
Table B.l. Effects of diet and frame size on dry matter intake of steers. 
Days on Feed 
28 56 84 112 140 168 196 Avg.a 
Average DMI (kg/day) 
Frame 
Small (SF) 6.50 8.00 8.87 10.08 10.24 10.76 10.62 9.29 
Large (LF) 7.00 8.31 9.30 9.94 10.51 11.28 12.25 9.80 
5% LSD 0.60 1.15 1.27 1.20 1.52 1.91 1.86 1.05 
Diet 
2.4 Mcal/kg 7.60 8.06 8.62 10.48 11.58 12.39 13.02 10.25 
2.7 Mcal/kg 7.00 8.51 9.29 10.25 10.72 11.93 12.57 10.04 
3.0 Mcal/kg 5.68 7.90 9.35 9.30 8.82 8.74 8.71 8.36 
5% LSD 0.74 1.41 1.56 1.47 1.86 2.34 2.28 1.29 
LS Means 
SF & 2.4 7.02 8.20 8.63 9.84 10.66 11.57 11.48 9.63 
SF & 2.7 6.94 7.83 8.33 10.56 11.07 12.15 12.44 9.90 
SF & 3.0 5.54 7.95 9.64 9.83 8.97 8.55 7.93 8.35 
LF & 2.4 8.11 7.91 8.61 11.12 12.50 13.21 14.56 10.86 
LF & 2.7 7.06 9.18 10.25 9.94 10.38 11.70 12.69 10.17 
LF & 3.0 5.82 7.84 9.05 8.76 8.66 8.93 9.49 8.36 
P-values (Contrasts) 
Frame 
SF vs LF 0.1030 0.5800 0.4900 0.8100 0.7100 0.5800 0.0830 0.3300 
Diet 
2.4 vs 2.7 0.1300 0.5200 0.3900 0.7500 0.3500 0.6900 0.6900 0.7400 
2.4 vs 3.0 <0001 0.8200 0.3500 0.1100 0.0050 0.0030 0.0006 0.0050 
2.7 vs 3.0 0.0009 0.3800 0.9400 0.2000 0.0450 0.0090 0.0017 0.0120 
Interaction 
Frame*Diet 0.3665 0.4354 0.2399 0.2396 0.3397 0.6621 0.4553 0.6026 
a
" Average of the whole trial. 
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SF & 2.7 
SF & 3.0 
LF & 2.4 
LF & 2.7 
LF & 3.0 
Frame 
SF vs LF 
Diet 
2.4 vs 2.7 
2.4 vs 3.0 
2.7 vs 3.0 
Interaction 
Frame*Diet 
Days on Feed 
28 56 84 112 140 168 196 Avg.a 
Average DMI (as % of BW) 
2.02 2.26 2.34 2.49 2.37 2.32 2.18 2.28 
1.89 2.09 2.22 2.25 2.22 2.23 2.30 2.17 
0.18 0.30 0.30 0.25 0.33 0.38 0.36 0.22 
2.19 2.19 2.23 2.52 2.60 2.58 2.54 2.41 
2.05 2.27 2.34 2.46 2.40 2.50 2.54 2.37 
1.63 2.06 2.28 2.12 1.89 1.74 1.62 1.91 
0.22 0.37 0.37 0.31 0.40 0.47 0.44 0.27 
2.20 2.37 2.36 2.51 2.56 2.59 2.43 2.43 
2.19 2.24 2.24 2.68 2.61 2.67 2.62 2.46 
1.68 2.16 2.41 2.29 1.94 1.71 1.48 1.95 
2.18 2.00 2.09 2.54 2.64 2.57 2.65 2.39 
1.91 2.30 2.43 2.24 2.19 2.34 2.47 2.27 
1.58 1.96 2.14 1.96 1.83 1.77 1.77 1.86 
P-values (Contrasts) 

























0.4538 0.5159 0.3541 0.2844 0.4427 0.6841 0.5627 0.8531 
a
" Average of the whole trial. 
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Table B.3. Effects of diet and frame size on metabolizable energy intake of steers. 
Days on feed 
28 56 84 112 140 168 196 Avg.a 
Average ME Intake (Meal/day) 
Frame 
Small (SF) 17.41 21.57 24.05 27.21 27.47 28.75 28.31 24.97 
Large (LF) 18.67 22.44 25.17 26.60 28.00 30.03 32.57 26.21 
5% LSD 1.58 3.12 3.46 3.12 4.03 5.09 4.95 2.81 
Diet 
2.4 Mcal/kg 18.17 19.34 20.70 25.16 27.79 29.74 31.25 24.59 
2.7 Mcal/kg 18.91 22.98 25.09 27.68 28.96 32.20 33.93 27.11 
3.0 Mcal/kg 17.03 23.69 28.04 27.89 26.45 26.22 26.14 25.07 
5% LSD 
LS Means 
SF & 2.4 16.86 19.69 20.72 23.62 25.59 27.78 27.56 23.17 
SF & 2.7 19.47 18.99 20.67 26.69 30.00 31.70 34.95 26.07 
SF & 3.0 18.74 21.16 22.49 28.52 29.90 32.80 33.59 26.74 
LF & 2.4 19.07 24.80 27.68 26.83 28.01 31.60 34.27 27.47 
LF & 2.7 16.61 23.86 28.93 29.50 26.92 25.65 23.80 25.04 
LF & 3.0 17.45 23.53 27.14 26.29 25.99 26.80 28.48 25.10 
P-values (Contrasts) 
Frame 
SF vs LF 0.1141 0.5700 0.5100 0.6900 0.7900 0.6100 0.0900 0.3700 
Diet 
2.4 vs 2.7 0.4400 0.0700 0.0400 0.1900 0.6300 0.4300 0.3700 0.1500 
2.4 vs 3.0 0.2400 0.0300 0.0013 0.1500 0.5800 0.2600 0.0950 0.7800 
2.7 vs 3.0 0.0600 0.7000 0.1600 0.9100 0.3100 0.0600 0.0140 0.2400 
Interaction 
Frame*Diet 0.4596 0.4463 0.2321 0.2329 0.3841 0.7063 0.5299 0.6720 
a. Average of the whole trial. 
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Table B.4. Effects of diet and frame size on average daily gain and feed efficiency of steers. 
Days on feed 
28 56 84 112 140 168 196 Avg.a Avg.b 
Average ADG (kg/day) FE 
Frame 
Small (SF) 1.44 0.82 0.96 0.79 1.29 1.17 0.72 1.03 9.36 
Large (LF) 1.57 0.47 0.95 0.87 1.25 1.19 0.91 1.03 10.51 
5% LSD 0.29 0.43 0.31 0.24 0.35 0.29 0.36 0.14 2.32 
Diet 
2.4 Mcal/kg 1.45 0.48 0.83 0.86 1.31 1.23 0.98 1.02 10.18 
2.7 Mcal/kg 1.54 0.68 0.83 0.82 1.19 0.95 0.45 0.92 12.18 
3.0 Mcal/kg 1.53 0.78 1.20 0.81 1.31 1.36 1.01 1.14 7.43 
5% LSD 0.36 0.53 0.39 0.30 0.42 0.35 0.45 0.17 2.84 
LS Means 
SF & 2.4 1.43 0.61 0.77 0.67 1.12 1.04 0.86 0.93 10.34 
SF & 2.7 1.50 0.84 0.76 0.85 1.17 1.10 0.34 0.94 10.81 
SF & 3.0 1.40 1.02 1.34 0.86 1.58 1.37 0.95 1.22 6.91 
LF & 2.4 1.48 0.35 0.89 1.05 1.50 1.42 1.10 1.11 10.03 
LF & 2.7 1.58 0.52 0.90 0.79 1.22 0.80 0.55 0.91 13.55 
LF & 3.0 1.66 0.53 1.06 0.77 1.04 1.34 1.08 1.07 7.95 
Frame 
SF vs LF 
P-values (Contrasts) 
0.3700 0.1000 0.9700 0.5100 0.8400 0.9000 0.2900 0.9700 0.3180 
Diet 
2.4 vs 2.7 
2.4 vs 3.0 





























Frame*Diet 0.8133 0.898 0.4611 0.2202 0.0964 0.1502 0.9677 0.1588 0.5541 
a- Average of the whole trial. 
b
' Average feed efficiency (kg of feed / kg of gain) of the whole trial. 
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Table B.5. Effects of diet and frame size on fat thickness measurements of steers. 
Days on feed 
28 56 84 112 140 168 196 
Average FT (cm) 
Frame 
Small (SF) 0.23 0.26 0.39 0.46 0.56 0.67 0.82 
Large (LF) 0.24 0.27 0.36 0.44 0.50 0.62 0.72 
5% LSD 0.09 0.10 0.13 0.14 0.14 0.16 0.17 
Diet 
2.4 Mcal/kg 0.24 0.25 0.31 0.34 0.41 0.53 0.69 
2.7 Mcal/kg 0.23 0.27 0.39 0.46 0.57 0.69 0.77 
3.0 Mcal/kg 0.23 0.27 0.43 0.55 0.61 0.73 0.84 
5% LSD 
LS Means 
SF & 2.4 0.22 0.26 0.32 0.35 0.42 0.52 0.71 
SF & 2.7 0.25 0.26 0.41 0.45 0.59 0.68 0.79 
SF & 3.0 0.21 0.25 0.44 0.59 0.68 0.82 0.96 
LF & 2.4 0.25 0.23 0.30 0.33 0.40 0.54 0.68 
LF & 2.7 0.21 0.28 0.37 0.47 0.56 0.70 0.75 
LF & 3.0 0.25 0.30 0.42 0.52 0.55 0.63 0.73 
P-values (Contrasts) 
Frame 
SF vs LF 0.8117 0.7767 0.7023 0.6846 0.3762 0.5070 0.2340 
Diet 
2.4 vs 2.7 0.9200 0.7284 0.3164 0.1693 0.0677 0.0998 0.4505 
2.4 vs 3.0 0.9200 0.6749 0.1382 0.0161 0.0257 0.0433 0.1539 
2.7 vs 3.0 1.0000 0.9423 0.6178 0.2623 0.6547 0.6838 0.4905 
Interaction 
Frame*Diet 0.6612 0.7755 0.9720 0.8591 0.7765 0.4281 0.5446 
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Table B.6. Effects of diet and frame size on longissimus muscle area measurements of steers. 
Days on feed 
28 56 84 112 140 168 196 
Average LMA (cm") 
Frame 
Small (SF) 52.74 55.89 58.45 59.68 64.09 66.70 74.19 
Large (LF) 53.84 57.70 60.20 61.81 64.89 67.56 74.88 
5% LSD 3.09 3.24 3.11 3.06 3.93 3.59 4.38 
Diet 
2.4 Mcal/kg 51.47 55.01 56.54 57.92 62.49 64.32 72.13 
2.7 Mcal/kg 53.10 57.19 60.21 61.62 63.80 66.24 72.43 
3.0 Mcal/kg 55.31 58.18 61.23 62.68 67.18 70.84 79.05 
5% LSD 3.78 3.97 3.81 3.75 4.81 4.40 5.37 
LS Means 
SF & 2.4 51.00 53.55 54.85 56.62 62.17 63.39 69.84 
SF & 2.7 52.40 56.26 59.43 59.93 62.45 64.73 71.75 
SF & 3.0 54.83 57.85 61.07 62.47 67.64 71.99 80.99 
LF & 2.4 51.95 56.46 58.23 59.22 62.81 65.25 74.43 
LF & 2.7 53.79 58.13 60.99 63.30 65.14 67.74 73.12 
LF & 3.0 55.79 58.52 61.38 62.89 66.71 69.70 77.11 
P-values (Contrasts) 
Frame 
SF vs LF 0.4720 0.2612 0.2597 0.1700 0.6817 0.6276 0.7490 
Diet 
2.4 vs 2.7 0.3876 0.2693 0.0587 0.0530 0.5830 0.3800 0.9090 
2.4 vs 3.0 0.0471 0.1128 0.0177 0.0150 0.0557 0.0050 0.0130 
2.7 vs 3.0 0.2420 0.6152 0.5902 0.5700 0.1614 0.0405 0.0170 
Interaction 
Frame*Diet 0.9905 0.8466 0.7109 0.7093 0.7444 0.4420 0.2812 
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Table B.7. Effects of diet and frame size in concentration of plasma leptin of steers. 
Days on feed 
0 28 56 84 ÏÏ2 140 168 196 
Average Plasma Leptin Concentration (ng/mL) 
Frame 
Small (SF) 2.77 2.85 3.52 6.22 6.19 9.47 9.69 8.57 
Large (LF) 3.12 3.49 3.59 5.67 5.08 8.18 7.81 7.88 
5% LSD 0.58 0.89 0.89 1.63 1.48 2.34 2.47 1.91 
Diet 
2.4 Mcal/kg 3.02 2.37 2.80 4.09 4.17 5.52 5.57 6.83 
2.7 Mcal/kg 2.81 4.13 4.02 6.36 6.69 10.35 9.75 7.70 
3.0 Mcal/kg 3.01 3.02 3.86 7.38 6.04 10.61 10.94 10.15 
5% LSD 0.71 1.09 1.10 1.99 1.81 2.86 3.03 2.34 
LS Means 
SF & 2.4 3.03 2.13 2.94 3.71 3.74 5.43 4.61 5.91 
SF & 2.7 2.49 3.67 3.64 6.31 7.80 10.32 10.39 7.27 
SF «Se 3.0 2.80 2.76 3.99 8.63 7.02 12.68 14.08 12.54 
LF & 2.4 3.01 2.61 2.66 4.46 4.60 5.60 6.53 7.76 
LF & 2.7 3.13 4.59 4.40 6.41 5.58 10.38 9.11 8.13 
LF & 3.0 3.22 3.28 3.73 6.14 5.07 8.54 7.79 7.75 
Frame 
SF vs LF 
P-values (Contrasts) 
0.2243 0.1519 0.8721 0.4966 0.1376 0.2660 0.1305 0.4641 
Diet 
2.4 vs 2.7 
2.4 vs 3.0 
2.7 vs 3.0 
0.5538 0.0025 0.0293 0.0267 0.0080 0.0017 0.0085 0.4557 
0.9791 0.2351 0.0564 0.0020 0.0435 0.0010 0.0011 0.0071 
0.5714 0.0457 0.7628 0.3030 0.4689 0.8551 0.4289 0.0413 
Interaction 
Frame*Diet 0.6278 0.8964 0.5437 0.2282 0.1768 0.2325 0.0313 0.0147 
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Table B.8. Effects of diet and frame size in concentration of plasma insulin of steers. 
Days on feed 
0 28 56 84 112 140 168 196 
Average Plasma Insulin Concentration (nIU/mL) 
Frame 
Small (SF) 2.14 4.70 6.72 6.64 5.62 8.97 10.62 10.80 
Large (LF) 2.43 4.49 4.49 5.49 3.51 4.35 7.27 6.88 
5% LSD 1.11 2.45 2.95 3.12 2.03 3.68 3.89 4.81 
Diet 
2.4 Mcal/kg 2.32 3.79 5.50 5.66 3.78 5.51 8.26 6.65 
2.7 Mcal/kg 2.43 5.24 5.87 5.94 4.68 5.74 10.52 9.65 
3.0 Mcal/kg 2.10 4.75 5.44 6.59 5.23 8.73 8.05 10.23 
5% LSD 1.36 3.00 3.61 3.82 2.49 4.51 4.76 5.89 
LS Means 
SF & 2.4 2.04 3.26 6.77 6.28 4.23 6.54 9.47 7.36 
SF & 2.7 2.60 7.06 6.69 6.33 5.86 7.99 13.00 11.79 
SF & 3.0 1.78 3.77 6.69 7.31 6.77 12.38 9.40 13.24 
LF & 2.4 2.60 4.32 4.22 5.04 3.34 4.48 7.06 5.93 
LF & 2.7 2.27 3.41 5.06 5.55 3.49 3.48 8.05 7.50 
LF & 3.0 2.42 5.72 4.18 5.86 3.69 5.09 6.71 7.22 
P-values (Contrasts) 
Frame 
SF vs LF 0.6038 0.8604 0.1300 0.4556 0.0425 0.0156 0.0886 0.1068 
Diet 
2.4 vs 2.7 0.8680 0.3315 0.8300 0.8818 0.4697 0.9200 0.3403 0.3068 
2.4 vs 3.0 0.7405 0.5185 0.9700 0.6243 0.2464 0.1550 0.9294 0.2239 
2.7 vs 3.0 0.6195 0.7410 0.8060 0.7327 0.6561 0.1848 0.2983 0.8411 
Interaction 
Frame*Diet 0.7222 0.1400 0.9585 0.9834 0.6601 0.5035 0.8369 0.7253 
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Table B.9. Effects of diet and frame size in concentration of plasma leptin and insulin ratio of 
increase over time of steers. 
Plasma Leptin Plasma Insulin 
Log (y8/yl)a Log (y8/yl)a 
Frame 
Small (SF) 0.47 1.11 
Large (LF) 0.39 0.55 
5% LSD 0.11 0.81 
Diet 
2.4 Mcal/kg 0.35 0.84 
2.7 Mcal/kg 0.45 0.96 
3.0 Mcal/kg 0.50 0.70 
5% LSD 0.13 0.99 
LS Means 
SF & 2.4 0.30 1.28 
SF & 2.7 0.49 1.25 
SF & 3.0 0.63 0.81 
LF & 2.4 0.40 0.39 
LF & 2.7 0.40 0.66 
LF & 3.0 0.37 0.60 
P-values (Contrasts) 
Frame 
SF vs LF 0.1312 0.1600 
Diet 
2.4 vs 2.7 0.1383 0.8100 
2.4 vs 3.0 0.0231 0.7800 
2.7 vs 3.0 0.3901 0.6100 
Interaction 
Frame*Diet 0.0251 0.7855 
a Ratio between final (day 196, y8) and initial (day zero, yl) plasma concentration. 
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Table B.IO. Individual averages of the predicted and observed DMI of steers. 
Average DMI (kg/day)a 
Frame Size Diet Predicted Observed 
Small 2.4 Mcal/kg 9.41 7.85 
Small 2.4 Mcal/kg 8.71 8.90 
Small 2.4 Mcal/kg 12.73 11.33 
Small 2.4 Mcal/kg 9.19 9.33 
Small 2.4 Mcal/kg 9.29 8.76 
Small 2.4 Mcal/kg 11.15 11.62 
Small 2.7 Mcal/kg 9.29 9.79 
Small 2.7 Mcal/kg 8.06 9.52 
Small* 2.7 Mcal/kg 7.53 10.99 
Small 2.7 Mcal/kg 7.94 8.87 
Small* 2.7 Mcal/kg 6.87 10.00 
Small* 2.7 Mcal/kg 8.15 10.26 
Small 3.0 Mcal/kg 8.10 8.13 
Small 3.0 Mcal/kg 9.48 9.36 
Small 3.0 Mcal/kg 7.54 8.92 
Small 3.0 Mcal/kg 9.39 9.40 
Small 3.0 Mcal/kg 5.87 6.40 
Small 3.0 Mcal/kg 8.37 7.87 . 
Large 2.4 Mcal/kg 13.93 9.33 
Large 2.4 Mcal/kg 9.44 9.59 
Large 2.4 Mcal/kg 13.65 13.41 
Large 2.4 Mcal/kg 13.30 9.34 
Large 2.4 Mcal/kg 12.63 11.26 
Large 2.4 Mcal/kg 10.23 12.25 
Large 2.7 Mcal/kg 9.23 10.53 
Large* 2.7 Mcal/kg 8.13 13.36 
Large 2.7 Mcal/kg 9.40 9.90 
Large 2.7 Mcal/kg 9.53 10.63 
Large* 2.7 Mcal/kg 4.46 6.33 
Large 2.7 Mcal/kg 9.79 10.29 
Large 3.0 Mcal/kg 6.98 8.58 
Large 3.0 Mcal/kg 7.86 10.92 
Large 3.0 Mcal/kg 8.23 6.70 
Large 3.0 Mcal/kg 7.68 8.92 
Large 3.0 Mcal/kg 8.16 7.52 
Large 3.0 Mcal/kg 7.55 7.55 
a- Average of individual dry matter intake of the whole trial. 
*, Steers that experienced bloat during the trial. 
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Table B.ll. Average weights of steers during the experiment. 
Days on feed 













































APPENDIX C. ADDITIONAL FIGURES 
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Figure C.I. Relationship between plasma leptin concentration and fat thickness of steers. 
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Figure C.2, Relationship between plasma insulin concentration and fat thickness of steers. 
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Figure C.4. Relationship between plasma insulin concentration and dry matter intake of steers. 
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Figure C.5. Relationship between dry matter intake and shrunk body weight of steers. 
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